Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



THE 



ECCLESIASTICAL CALENDAR 



ITS THEORY AND CONSTRUCTION. 



BY THE SAM E AUTHOR. 



In a Paper Cover, Price 2$. 6d., 

GENERAL PROOF 

OF 

GAUSS' RULE FOR FINDING EASTER DAY. 



Dublin : HoDass, If ostek, & Figgis, Qbafton-street. 



<7>2 



THE 



-^n^d. Ic 



/ 




ECCLESIASTICAL CALENDAR: 



ITS THEORY AND CONSTRUCTION, 



BY 

SAMUEL BUTCHER, D. D., 

LATE BISHOP OF MEATH. 



DUBLIN: 
HODGES, FOSTER, AND FIGGIS, 

$ttlrlift^tis \tt t^f SntfrtrsHif. 

LONDON : MACMILLAN & CO. 

1877. 



^ (X") 7 ^ 







/O 



DUBLIN : 

Sriiittb at tJ^t Sniirmits $Tjtssi 

liV POKSONBY AKD MUKPHY. 



r- 






MICRORLMED 
AT HARVARD 



PREFACE. 



T^HIS work is the fruit of spare hours snatched from the last and busiest 
years of a laborious life. It was completed a few months before my dear 
Father's death, and the greater part of it had received his careful revision. 
The shape in which the book now appears is almost exactly that in which 
it was left by him : but what further and final changes he would have 
made, I cannot say. The duties of editing, which involved the verifying 
of many calculations, have fallen almost wholly on my brother, J. Or. 
Butcher, as being more competent for the task than myself. But editorial 
care must at the best be a sorry substitute for the mind and eye of the 
Author, 

S. H. BUTCHEB. 
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INTRODUCTION. 



MANY valuable works liave been written from time to time, and especially in re- 
cent years, on tlie Book of Common Prayer ; and there are few queetiona relating 
either to the history of its compilation, the sources from which it was derived, or the 
aiionale of its various parts, that have not been investigated, and published in popular 
treatises, bo as to be easily accessible to all who desire to make themselves acquainted 
with the subject. But there is one part of that Book which has been either wholly over- 
looked, or but sL'ghtly touched on, by its recent expositors ('), and respecting which the 
best sources of information are not readily accessible. I mean that part which contains the 
"Tables and Eules for the Moveable and Immoveable Feasts." The principles on which 
these Tables and Rules of our Ecclesiastical Calendar are &amed, and even some of the 
technical terms employed in them, are, consequently, very imperfectly understood by 
many who are accurately enough acquainted with the various Offices themselves, and 
the liubrica relating to their ministration. Wheatly, indeed, in his well-known work 
on the Book of Common Prayer, devotes a portion of his first chapter to the explanation 
of these Tables and Rules ; but he does not discuss the subject with sufficient fulness or 
accuracy to make it clearly understood by a reader who has no further knowledge of it 
than what he can gather from those few pages. Now, as the subject is one about which 
the Clergy, at least, as the professional expounders of our Prayer Book, may he expected 
to possess some amoimt of information, I have endeavoured, in the following pages, to 
supply it ('). It is not my purpose to write a complete treatise on the Ecclesiastical 
Calendar. This would require a very large volume, and, moreover, would involve dis- 
cussions which, however interestiDg in themselves, are not necessary for the main object 
which I have in view : which is, to explain to the careful student of the Prayer Book the 
prinoiples on which this part of it is based, and to point out in a general way the ap- 
plication of these principles to the construction of the Tables and Rules which it contains, 
and to the solution of some of the various questions connected with the Ecclesiastical 
reckoning of time. A fair acquaintance with Arithmetic on the part of the reader is. 
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of ooiirse, indispensable. Some knowledge of the rudiments of Astronomy I liave also 
presupposed ; and for tlie sake of those who are familiar with the eimpler algebraical 
operations, I have occasionally given some of the more important formulae in which the " 
tabular details are concisely eummed up (") . 

(1). In Campion and Beamont's very useful work, " The Prayer Book Interleaved," there are soma 
valuttUo remarka oathe Ecolesiastica! Calendnr, borrowed from a paper on the subject, by Professor De 
Morgan, in the "Companion to the British Almanac" for the year 1845. They are, however, BTiited only 
for those who have already some aoquaiataace with the auhject ; and moreover, they relate oiclmvely to 
that part of it ivhioh is specially conncotcd with the determination of Easter. 

(2), It has, indeed, been proposed by the English "EJtual Commiasion," and hy the General Synod of 
the Church of Ireland, to omit the three " General Tables for finding the Dominical Letter, and lie plaoes 
of the Golden Numhers in the Calendar," as being imauited, from their intricacy, to the ordinary reader. 
t)till, as these Tables are ratified hy an English Act of Parliament (21 Geo. II., ch. 23), and also by an 
Irish Act (21 and 22 Geo. III., ch. 46), some aci^uaintance with their nature and structure nay fairly b« 
required from the Clergy of both Churches. It may he added that even the remaining Tables and Rules, 
which it is proposed to retain in the Prayer Book, domnnd a fuller and more detailed explanation than coa 
easily he obtained hy an ordinary student, 

{3), Borne useful popular informatioii oa the subject of the Ecclesiastical Calendar will he found in 
Whtatly'a work, above referred to ; Sir II. Nicolas' Chronol. of History ; Smith's Diet, of Antiquities, 
Art. '■Calendar"iDr. S(«pAeiiB' edition of the Book ot Common Prayer, Vol. I. pp,2S4,»g..' SirJ.H«r>fhePi 
Astronomy (Uth edit, 1871) i and Dr. Lardiier'a Museum of Science and Art, Vols. V. and VII. Ihoso 
who desire to study the subject more deeply will do well Xa consult the Art, " Calendar " in the Encyclop. 
Britann., 7th edit. ; the great French work, '"L'Art de verifier les Dates" ; Delambre, Astron. Mod., Tome I. ; 
also his Astron. Theor. et Prat,, Tome III. ; Gastttidi, Komaa. Calend. oompcnd. eiposit., Oper. Tom. V. ; 
Idcler, Handbuch dor Math, u. Tcchn. Chtonologie ; De Moryan, Companion t«,tho British Almanac, 1849 ; 
with his Book of Almanacks, 18ol ; Franca^r, Theorie du Calendrier ; IIei~og, Real-Eneyclop., Arts. 
" Kaloadcr," and " Christ. Zeitrechnung." Above all, the great work of Clavius, Roman, Calendaj. a 
Oregor. XIII. restitut. esplicat., Eonuo, 1603, is indisjiensahle in order to a complete understanding of the 
whole matter. 



CIVIL AKD ECCLESIASTICAL CALENDAEi 



1. Thb Festivals anil Holydays wliich the Church oLserres fall jnto two general 
classes, viz. : the Moveable, and the Immoveable. The latter, as their name expresEe?, 
have fixed places in the Calendar ; that is to say, they occur on certain fixed days of 
the month. For example, the Citcumcmon always falls on the let of January ; the Epi- 
phany, on the 6th of January ; the Annunciation, on the 25th of March ; St. Andretta Day, 
on the 30th of November; Christmas Day, on the 25fh of December. 

The Moveable Feasts, on the other hand, are those whose pWes in the Calendor are 
not fixed, but variable uithin certain limits. Thoy fall on fixed days of the week, but 
not on fixed days of the month. Sunday is a Moveable Festival. Consequently, so is 
Easter Day, with the whole group of Festivals depending upon it ('), which are enume- 
rated in the Prayer Book. The Moveable and Immoveable Feasts may, therefore, be 
called the Planets and Stars of the Ecclesiastical Calendar ('). 



(1). " Duo I'estorum sunt genera, qnomm unum Btabilem in Calendario locum retinet, compkctiturquc 
dies qui semper Btatia anni temporibus rccumint, ideoque immohiUt did eolent. Alterum acdem bftbct 
mobilem, certia tamen dierum tprrniniH cancIuBom, oomprehenditquo saoni diei Festi Paichnlia, atque cs 
eo pendontium Festomm dicnim, solemnia, qui idciroo immobiiia appcllantur. Ad Feata immobilia cele- 
bronda nsua tantom mensium aolartum neccsaariaa est; ad Feata mobilia, et menaea aoIarcB et lunarea 
ncoeaaarii annt." — Claviiin, Rom. Cal. Eipl., Proccm., p. 1. 

(2). Speaking generally, the same day of tbe week does not fall on the aame day of the month in dif- 
ferent years. Sut after the lapae of a certain period, or cycle, the coinoidenoe reonn, and continues 
throagh the corwaponding yeara of each cycle. — Vid, Art, 26, on tho Solar Cycle. 

3. The Moveable Feasts, again, fall into two groups : (a) the Sundays and other 
Festivals immediately depending on Easter Day ; (b) all the remaining Sundays 
of the year. The former group embraces nine Sundays before, and eight after, Easter 
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Day. Of these flie nearest to Easfer, tefore and after, are Palm Sunday, and Low 
Sunday {') ; the farthest from it, before and after, Septuagesima, and Trinity Sunday, 
respectiTely. Besides these seventeen Suntiai/s, the following Holydays, whioh have 
Collecte, Epistles, and Gospels, also depend on Easter : viz., Ash Wednesday, and the 
six days of Pnseion "Week ; Monday and Tuesday in Easter "Week ; Ascension Day ; 
Monday and Tuesday in Whitsun Week. So that the total number of Sundays and 
other Holydays depending on Easfer (including Easter Day itself) amounts to ifm-tt/. 

(I). The terms Palm Sunday and Zoie Sunday (first after East^t) do not occur in the Pcayer Book. 
But the fint Gundaj in Lent ia oalled hIbo Quadragtiima ; and tlie fifth after Eiuter, Rogation Sunday. 



3. Ah the total number of Sundays in the year is fifty-two or fifty-three ('),.it 
follows from what has just been said, that the number of Sundays not directly dependent 
on Easter is thirty-four or thirty-five ('). The Sunday before the Epiphany, when there 
is one, is called the first, or second, Sunday after Christmas. The Sundays between the 
Epiphany and Septuagesima are called Sundays after the Epiphmnj. Those between ■'■"■" 
nity and Advent are called Sundays hitei Trinity ('), The four Sundaj's preceding Christ- 
mas Day are named irom Advftif {') . And, lastly, the Sunday, or Sundays, between 
Christmas Day and the Epiphany are called the first, or second, Sunday aft«r Chriatmai 
Day. 

(I). In a common tear there will bo 53 Sundays, if the year begins on Sunday ; and in a leap year, 
if tfae year begins on Saturday or Sunday : because a common year oontains 52 whole weeks + 1 day 

I '-=- = 92 + 1 j 1 in other words, it ends on the same day of the week on which it begins. In a leap year 

we have — = 52 + 3 ; therefore 53 Sundays, if the 1st or 2nd of January is Sunday. 

(2). Strictly speaking, as tho number of Simdoys after the Epiphany, and after Trinity, depends on 
the position of Enater Day, those Sundays also may, in this sense, be regarded as dependent on Easter. 
TTie only Sundays absolutely independent of Easter are those connected with Advent and ChriatmaB ; in 
other words, those which occur from Hov. 27th to Jon. 6lh, both inclusive ; the maiimum number of 
which Sundays is sii, tho minimum five :— sii, when Advent Sunday falls on any day before Dec. 3rd ; 
five, if on Deo. 3rd. It must be remembered that, by the Pinycr Book definition of Adrenl Sunday, it 
may foil on any day of the month between Nov. 27th and Dee. 3rd. If Advent Sunday fall on Nov. 27th, 
Christmas Day will be on Sunday ; and so also will the following New Tear's Day. If Advent Sunday fall 
on Dec. 2nd, the following Epiphany will be on Sunday. In order that there may be two Sundays after 
Christmas, Advent Sunday must fall on one of tho days, Nov. 2Rth to Deo. 1st; in other words, if it fall 
on Nov. 27th, or Deo. 2nd or 3rd, there will be but me such Sunday. 

(3). In the Greek and Eoman Churches, Trinity Sunday is not so named, but is called the first Sunday 
■ftet PtnUcotl ; and the following Sundays, to Advent, ore also reckoned as after Pentecost. The reason 
of this is, that the institution of a %\Km\ Feast in honour of the Holy Trinity is comparatively recent, 
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having been first enjoineil by the Si-nod of Arlea, a. p. 1260. In ancient times all Sundays were regarded 
as eommemorating tWs mystcrj-. The name " Trinity Siuiday" has been in use in tlio English Cliitrch 
since the eleventh centurj', when Osmund, Bishop of Salisburj-, remodelled the Offices (a.d. 1085). Our 
Refarmers followed the Sarum Missal in odopting the term " Trinity Sunday," and numbering the follow- 
ing Sundays from it. 

(■i). Our present " twenfj'-fifth Sunday after Trinity" ought also to bo named in reference to AilccrU, 
and termed " The Sunday next before Advent ;" and so the General Synod of the Church of Ireland has 
agreed to call it. 

4. The Imit number of Simdaya "after Uie Epiphany" ia one; the greatest niim- 
bor, si>. The miuimuiQ occurs when Easter falb, in a common year, on either of the 
three days, 22nd, 23rd, or 2-lth of March (the 22nd being the earliest day on which it can 
fall) {') ; in a /my> year, on eifber the 22nd or 23rd of March ('), Tiiat there may he si> 
Sundays after the Epiphany, Easter Day must fall, in a. eommon year, on either of the 
four days, 22nd, 23rd, 24th, or 25th of April (the 25th being the latcU day on which it 
can fall) ; and in a Ifnp year, on any of the five days, 21at-25tb of April {'). The 
minimum occurs very rarely. In the present century it has happened only three times : 
viz., in 1818, 1845, 1856 ; and it will not occur again until 1913. The marimum has 
taken place five times this century : viz., in 1810, 1821, 1832, 1848, 1859 ; and will 
again occur twice, viz., in 1886 and 1889. Again, the number of Sundays after Trinity 
is ttcen(y-t}co ; the maxitmtm, ticcnty-seven. The maximum occurs when Easter falla on any 
of the fivo days from 22nd to the 2Cth of March : the minimum, when it falls on the 24th 
or 25th of ApiilC). The miuinnim, like the minimum number of Sundays after the 
Epiphany, happens very rarely. In the present century it has occurred but once (1859) ; 
and it will occui- but once again (1886). The maximum happens more frequently. It 
baa taken place already five times this century (1815, 1818, 1837, 1845, 1856), and will 
again take place twice (1883, 1894) before its close. 

The sum of the Sundays "after the Epiphany" and "after Trinity" cannot be less 
than twenty-eight, nor greater than twenty-nine. The maximttm{2Q) occurs when Easter 
Day falls on any of the ten days, March 25, 26 ; April 1, 2, 8, 9, 15, 16, 22, 23 ; and the 
Sunday Letter in each of those cases will be Q or A. All this is obvioua on inspection 
of the Prayer Cook " Table to find Easter Day," and tlie " Table of Moveable Feasts 
according to the several days that Easter can possibly fall upon" {'). 



(1). Thia necessarily followa from the definition of Eonter Day given in the Prayer Book. A full 
eiplanation of the matter will be given in the proper place (Art. 59.) 

(2). From the Epiphany to the 22nd of March (the earliest day on which Easter can fall) there are 
(both eicluiive), in a common year, 74 days, and in a leap year 7fi ; that is to say, 10 weeks, pttit 4, or 
S, days* But from Easter to Septuagesima, inclusive, there are weeks— leaving 1 week and 4, or 6, days 
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between Septuogeaima and Epipbany. ThcreCare, in this extreme cose, there can bo but one Sunday 
between theu. It also appears from this that, in a common year, Easter might foil tico dayg later 
(4 + 2 == 6) than the 22nd of March ; or, in a leap year, one day(5 -i- 1 = 6), without involving a Beoond Snn- 
daj between Epipbocy and Septnagesima. 

(3). From the Epiphany to April 25th (the latest day on which Easter can full), there are [both ozcin' 
sive), in a common year, 108 days, and in a leap year, 100 ; that is, IS weeks, phi 3, or 4, days. Deduct- 
ing 9 weeks, as before, wo get six weeks, jilus S, or 4, days between Septuagesima and Epiphany. And 
these ii'jr weeks will still intervene, even though Easter should, in a common year, fall 3 days, and, in a 
leap year, 4 days, before the 22th of April. 

(4). The earliest day on which Trinity Sunday can fall, corresponding to the earliest Easter Day 
(March 22), is May 17, whose Calendar Letter (aeo Art. 23) is D : accordingly, when Trinity Sunday 
falls on this day, Advent Sunday mnst fall on Nov. 29 (Letter D). The nnmber of intermediate days 
between May IT and Nov. 29 is 195, = 27 weeks and 6 days. Hence the maximnm number of "Sundays 
after Trinity" is 27. And as Advent Sunday iiiny fall on any of the four following days (Deo. 3 is the 
latest), it follows that there will still be 27 Sondaya, even though Easter ehonld fall on any of the four 
days after the 22od of March. There may, then, be 27 such Sundays, but no more : and Uie Sunday 
LettcM must be D, E, F, 0, A. Again, the latest day on which Trinity Sunday can fall, corresponding 
to the latest Easier Day (April 25), is June 20, the Calendar Letter of which is C. Therefore, when 
Trinity Sunday falls on this day, Advent Sunday must fall on Nov. 28 (Letter C). The number of inter- 
mediate days between June 20 and Nov. 28 is 160, = 22 weeks, and 6 days. Consequently, the mi'niiiiurn 
number of Sundays "after Trinity" ia 22. And, as Advent Sunday cannot fall earlier than Nov. 27, it 
foUowa that there would still be only 22 weeks if Eaater fell on April 24, but not earlier. Easter Day 
must, then, in this case, fall on April 24 or 2o ; and the Sunday Letter must, accordingly, be B or C. 

(d). That the nnmber of Sundays must be 28 at least, or 29 at most, may be easily shown dtreotly. 
From the Epiphany (Jan. 6) to the earliest Advent Sunday (Nov. 27), there are (both excluaive) 324 
(leap year, 325) days ; that is, 46 weeks, phis 2, or 3, days. Again, from the Epiphany to the latest Advent 
Sunday [Dee, 3f, there are 330 or 331 daya ; = 47 weeks, phii 1, or 2, days. Therefore, subtracting the 18 
Sundays from Septuagesima to Trinity Sunday (both inclusive), we get, for the minimum remainder, 28 ; 
and for the matimum, 29. 

Proceeding in a similar way with the rest of the Ihirly-^ce days on which Easter can possibly fall, it 
is easy to see that, in common years, the number of Sundays after Epiphany fall into the foUowing 
groups : — 

Wliui Eoitflr falls on ooy of the Three days, March 22-24, there will be One such Sunday. 



„ „ 25-31, , 


Two 


„ April ]- 7, 


Three 


.. 8-K 


Four 


„ 15-21, 


Ficc 


,. 22-25, 


Six 



Alt this is obvious on inspection of thcFrayer Book "Table of the Moveable Feasts, according to the several 
days that Easter can possibly fall upon." This Table is calculated for common years. Therefore, the 
NoTB appended Xn it respecting Leap Tear must bo carefnUy attended to: — "In a Bissextile or Leap 
Tear, the number of Sundmjt after Epiphany will be the same as if Eailtr Dtiy had fallen one day 
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"uUr than it roally does. And tot the same rcasoD, one day miist, in every leap year, be added to the 
day of the montb given by tbe Table for Sepltuigesima Sunday. The like must be done for Aih Wednet- 
day, nnlcBB tbe Table gives some day in March for it ; for, in that case, tbc day given by the Table is the 
right day." The part of tbe Rule relating to the Epiphany and SeptuagcBima ia obvious ; because, gup- 
posing, for osajnple, that in any leap year, Easter Day falls on March 30, the insertion of the intercal- 
ary day that year makea the number of days [and thewfore, of Sundays) from Epiphony to Easter the 
■ame as it would be in a common year in which Easter Day fell on March 31. Bat the number of Sundays 
from Septuagesima to Easter ia invariable, viz., 9. Therefore, the number of Sundays between Epiphany 
and SeptuageBima, in leap year, is the same as if Easter fell a day later in a common year. Again, u 
tbe number of days between Easter and Septuagesima is invariable (03), and as Septuagesima always 
falls before Feb. 29, the insertion of the intercalary day in leap year necessarily brings down Septua- 
gesima one day lower in the month. The same will be true of Ash Wednesday also, unless it fall in 
March ; for, in that cose, the inlorcalaticn will have taken place before it, and it will be circumstanced, 
OS regards Easter Day, as if the year were a c«mmcQ one. 



5. The Immorcihk Feasts appointed to be observed in our Prayer Book ore twenty- 
four in number.* Of these, T/irce commemorate events in our Lord's personal history; 
viz., the Nativity, the Circumcision, and the Epiphany. Tiro commemorate eycnts in the 
life of the Virgin Mary, as connected with our Lord's history, viz., the Annunciation 
and the Purification. Ten are assigned to the commemoration of the twelve Apostles, 
four of whom are united in pairs: scil,,St. Philip and St. James; St. Simon and St. Jude. 
Tico commemorate the non-apostolic Evangelists, St, Mark and St. Luke. The rest com- 
memorate, respectively, the miraculous birth of John tbe Baptist (the only nativity oom- 
memorated, except that of our Lord) ; the death of the Proto-martyr, St. Stephen ; the 
Conversion of St. Paul, unique of its kind; St. Barnabas, the companion of the great 
Apostle of the Gentiles ; the murder of tbe Innocents, in connexion with our Lord's Nati- 
vity ; St. Michael and all Angels ; and, lastly, All Saints. The last two Festivals relate 
to the Church in Heaven, as tbe others to the early history of the Church on Earth. 

The Collects, Epistles, and Gospels for the Immoveable Feasts are placed in the 
Prayer Book after those for Sundays ; except those belonging to the six composing the 
Christmas group of Feasts, which are all placed together after the fourth Sunday in Ad- 
vent ; viz., ChriBtmaa Day, St. Stephen, St. John the Evangelist, the Holy Innocents, 
tbe Circumcision, and the Epiphany. 

The order in which the first seven of the Saints' Days are arranged in the Calendar 
(it being remembered that the church year commences with the Advent season) is 
worthy of remark. St. Andrew (Nov. 30) comes first, as being tbe Apostle who was 
first called by Christ. St, Thomas (Deo. 21) is the next, on account of his noble con- 



■ I have not included the Day of the Que 
the Prayer Book. 



'a Accession ; which is the only Slate Holyday now appointed ii 
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fession of his rieen Master. Immediately after the Nativity, the foremost place is 
assigned to St. Stephen as the Proto-martyr ; the next to St. John, as the beloved 
Diaoiplo. Then follows the Innocents' Day, "because of their connexion with the 
birth of Christ. After that comes the conversion of St. Paul, the great Apostle of the 
Gentiles ; and, lastly, St. Matthias' Day, he being the Disciple elected to fill up the 
vacancy in the Apostolic College caused by the apostasy of Judaa. 

6. The number of Sundays in the year being 52 or 53 ; and the other days de- 
pending on Easter, for which Collects, Epistles, and Gospels are provided in our Prayer 
Book, being 12 ; it follows that the total number of Morcabk Holydays observed by 
our Church is C-t or 65. Adding to those the 24 Immoveable Festivals, we see that the 
total number of days for which public service is appointed (not including the Queen 'a 
Accession) amounts to 88 or 89. In other words, the Church appoints Divine Service 
for nearly one-fourth of the entire year, one-seventh being Sundays, and more than 
a ninth other days. 

7. The two following Tables will he found useful in making the foregoing and 
similar calculations. 



To FixD THE Number of Days from Easter (exclusive) to some of the principal 

Festivals depending upon it (inclI'sivk). 



To . . . 


Septuig. 


Aii Wed. Hop^ Sun. 


Akcq. Day. 


Wlut-Stm. 


Trin. Son. 


From Easter Day, 


-63* 


- 46'' + 3S^ 


+ 39' 


+ 49* 


+ 56'' 



The number of days from any of the dependent Festivals (exclusive) to any other 
(inclusive) will be the sum or difference of the corresponding numbers, according as they 
have opposite or the same signs, e. g., from Septuagesima to Trinity Sunday there an 
63 + 56 = 119 days; from Septuagesima to Ash Wednesday, 17 days; and from Adoen- 
sion Day to Trinity Sunday, 17 days. 

It may be further noticed that the Thursday after Trinity Sunday (the Bomish 
Festival of Corpn» Chrkti) being 60 days after Easter, is 61 days after Easter-evo. 
Hence it follows that from Easter-eve to Corpus Christi there are always exactly two 
calendar monthB.(') 
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TABLE n. 

To FIND THE NUMBEB OF DaTS ELAPSED FROM ANT DaT OF THE TeAR TO ANT OTHSB 

Dat, one beino exclusive, the other INCLTTSIVE. 
Numl)er of Days elapsed from Jan. 1st to the first of each Month. 



Date. 


In a Common 
Year. 


In a Leap 
Year. 


Date. 


In a Common 
Year. 


In a Leap 
Year. 


Jan. 1, . . . 
Feb. 1, . . . 
March 1, . . 
April 1, . . 
May 1, . . . 
June 1, . . . 




31 

59 

90 

120 

151 




31 

60 

91 

121 

152 


July 1, . . . 
Aug. 1, . . . 
Sept. 1, . . . 
Oct. 1, . . . 
Nov. 1, . . . 
Dec. 1, . . . 


181 
212 
243 
273 
804 
334 


182 
213 
244 
274 
305 
335 



This Table will also show the interval (as above defined) between any two days of 
the year. 

Ex. 1. From Jan. 6 to March 22. 

Jan. 6 to Maroh 6 (» Jan. 1 to Maroh 1) = 59; Leap year, 60 days. 
plus 16 ... 16 ,, 



75 or 76 „ 
Ex. 2. From Maroh 22 to Nov. 1. 

March 22 to Nov. 22 (= March 1 to Nov. 1) = 245 days. 
minus 21 



II 



224 „ 
It is only when the interval involves a bissextile February that the number of days is 
increased by 1. 

Ex. 3. From Feb. 5 to Deo. 1, 1872 (Leap year). 

Feb. 5 to Deo. 5 (= Feb. 1 to Dec. 1) = 304 days. 
mintAs 4 ,, 



300 „ 

(1). Let T denote the date of Easter Day. ThenEaster£ye=T-l ;andCorpt» C%m^*sT-l + (30+31). 
But if Easter fall in March^ the following two months, April and May, will contain 30 + 31 days ; ^d if 
Easter fall in April, the two next months, May and June, contain 31 + 30 days ; so that in both oases the 
interval between Easter Eve and Corpus Chrxsti is exactly two calendar months. 

C 
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8, To (iGlcmiiiie the days on wliioh the Moveable Feasts full in any year is 
the otject of " The Tables and Hules" given in the Prayer Bock. The first step obvi- 
ously is to ascertain on what days of the year the Sundar/s fall ; or, rather, any one Sim- 
day : because, one being known, all the rest follow from it, as a matter of course. This 
is efFeeted by means of tlie Dominica!, or Sunday, Leifer, the mode of finding which shall 
presently be explained. The Sundays in any year being determined, tiro of them, viz., 
Easter Day and Advent Sunday, ai-e further marked out by the special definitions given 
of them in the Prayer Book ; acil. : — 

" Easter Say is always the first Sunday after the Full Moon which happens upon, or next 
nfter, the ticenty-Jirst of March; and if the Full Moon happens on a Sunday, Easter Day 
IS the Sunday after" ('). 

'^Advent Sunday is ahcays the nearest Sunday to the Feast of SI. Andrew (Nov. 30), 
trhether before or after" {')■ 

(1). The ambiguity of this definition, and its more accurate form, will be pointed otit hereafter. (Art. 
43.) 

(2). It ahoidd bo added, " or the day of that Feast itself." Advent Sunday falls on tie 30th of Nor. aa 
oftenasononyothorof the 7 days over which it estenda— 1*12., five timsB every 28 years. The intervals at 
which each of these 7 day* recurs, during the Cycle of 28 years, are two of 6 years each, one of 5, and 
one of II. The interval of 12 years occurs very rarely. In the case of Nov. 30 (Sun. Lett. E), it will 
happen but tliree times during the eight centuries from 1800 to 2500 ; namely, in 1902, 2302, 2510. The 
unequal subdivision of the Cycle of 28 years arises from the interposition of the leap years, ai will appear 
more clearly when we come to spook of the Solar Cycle (Art. 20), 



9. To find 'on tchat days of any given year the Sundfiya fall, it will be useful to 
premise a few observations respecting the Solar Day, and the Solar, or Tropical, Year. 
The determination of Easier Sunday is a more difficult problem, as it involves the con- 
sideration of the Lunar, as well as the Solar, year, and the relation between them. 
( Vid. Art. 40.) 

From the Sun's apparent motion we derive our tico standard units of Civil Time, 
namely, the Solar Day, and the Tropical Year. Tlie Solar day is the interval between 
two consecutive transits of the centre o£ the Sun's disc across the meridian ; or, to speak 
more correctly, the interval between two consecutive returns of the same terrestrial meri- 
dian to the centre of the Sun's disc. But as it is an essential condition of a standard 
unit that it should be invariable; and as the actual Solar day, as just defined, is not 
BO ('), it becomes necessary to employ, in place of the real Solar day, what is called the 
mean Solar day; that is to say, the average or mean of all the real Solar days throughout 
the year ('). This mean Solar day is divided into twenty-four hours, each hour being 
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BnlsdiTided into minutes and seconds {'}. Clocks, and other artifioiol time-keepers, aro 
construoted bo as to keep, and show, mean time. 

(I). Astronomy shows that the want of nnifurmity in the length of the true Solar day arises from 
two canaos, naracly, the obliquity of the Ecliptic, and the ellipticity of the Eorth's orbit. 

(2). In order to represent more clearly the relation between the (apparent) actual and mean motion of 
the San, it is usual to imagine the existence of a Jictitious sun, whose daily (easterly) angular motion in 
the heavens is perfectly uniform, and equal to the average daily angular motion of the real Sus, namely, 
0° 59" 8-2". The place of thia imaginary sun never djfiers much from that of the real Sun. The time 
measured by its motion is called ineon lime ; and tJiC moment when its centre crosses the meridian is called 
mean noon. On the ether hand, the time indicated by the real Sun is called apparent lime ; and the 
moment of its transit aeross the meridian is ajipareiit noon. A well-regulated clock, an above said, shows 
mean time ; a correefly mounted sun-dial shows apparent time. The differcnoe between them is called 
the Xqualion of time. 

(3). This use of the word ' day,' in which it denotes 24 hours, diflera, it is needless to observe, from 
the popular use of the word, in which it ia opposed to ' night,' and expresses the interval during wliioh 
we daily receive light from the Sun. The Greeks employed tho word tuxH^upor to denote the whole 
duration of 24 hours, including a day and night. The Engliai language has no correspouding term. The 
Stbreto day was literally o yuxHl"P'>', as it began at sunset, so that the night pi-fceiteil tho day. This 
arrangement is at least as old as the time of Mosea, being expressly alluded to ia the first chapter of 
Oeneais. Most modem nations, like the ancient Egyptians, make the civil day to commence at midnight, 
reckoning 12 monting hours from midnight to midday, or noon; and 12 evening hours, from noon to 
midnight. Astronomers, on the other hand, following the example of the great Alexandrian astrono- 
mer, Ptolemy, commenee their day at noon, and reckon on through the whole 24 hours. 



10. "We have just seen that, aa the natural and true Solar dny ia of variable 
length, it has been found neeeBsary to substitute in place of it, for the ordinary purposes 
of civil life, the mean Solar day. There is, indeed, another natural interval of time 
which does possoss, in the highest degree, the property of invariability, but which, never- 
theless, is not adapted to those purposes. I meau what ia called the Sidereal Daij; that is 
to say, the interval between two successive transits of the same fixed itar across the 
meridian ; in other words, the time of one complete revolution of the Earth on her osia. 
This interval is not suited to be an ordinary measure of time, because it is neither con- 
spiouous enough, nor capable of easy and universal observation ('). 

(1). The Sidereal day is, so far as actual observation extends, absolutely invariable, Laplace calca- 
iated that since the time of Hipparchns, an interval of twenty centuries, it has not altered the 100th 
part of a second. But the more recent opinion is, that the time of the Earth's rotation is gradnally, 
though imperceptibly, diminishing, by reason of tho friction connected with the tidal motions, Assum- 
iug (as has been supposed) that the accumulated amount of this retardation ia 12 seconds in a century, the 
result b that the day ia about the eith pait of a second shorter now than it was 2uCK) years ago. Ihe 
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Is, ill fnct, to find the common difference (il) of a 
a (S) b given, and whose first term = com. diff. 



!, eonsiating of n terms, 



In the question before 
ears = 36,624 days. 
Hence we get 24"= {36,524 + (36,524)' ]x rf 



12 seoonda ; rf = the daily retardation ; » = number of days ia 100 



1334002576 
J- 913100 (the number of doy 



0000000171' = daily retardation. 

26 centuries) and we get '01301401' e ^th part of a 



Multiply this 1 
•econd, nearly. 

From what was said obove respecting the ipean Solar day it is evident that the Sidereal day is ihorttr 
than it. The diflerenoo is the length of time which the mean aun takes to traverse an are of 0" 59* 8'2", 
that is to say, 3 mia. 55'91 sec. Consequently, the length of the Sidereal day, in mean Solar time, ia 
23** 56" i-Od' ; the Sidereal hours, minutes, and seconds being in the same ratio. Reduced (« decimals, 
the ratio of the mean Solar and Sidereal days is as 1-002T38 to 1 ; in other words, a Sidereal day = Solar 
day X -9973. The same thing may be tbua expreased: the time of the Earth's rotation falls short of 
24 common hours by 3" 5o'91'. 

11. The second natural unit of civil time, above alluded to, is called the Solar, 
or Tropkal, Year. It is the interval between two consecutive passages of the Sun's centre 
through the same equinoctial point. Aa the intersection (or node) of the Equator and 
the Ecliptic has a slow retrograde motion — that is, a motion in a direction opposite to the 
apparent annual course of the Sun — it is obvious that the Sun, after passing through 
either equinoctial point {or node), will meet it again before the completion of his annual 
revolution in the Ecliptic. The mean annual amount of this retrograde motion [the 
Precemon of the Equinoxes, as it is called) is 50-1" — a very minute quantity in itself, but 
which, by its accumulation from year to year, becomes at length very considerable. Ia 
the course of 2200 years, the Equinox has retrograded more than 30° {'}. The corres- 
ponding mean length of the Tro^ncal Year is, according to the "British Nautical Almanac," 
365'i 5" iS" 47-lC% or, reduced to decimals, 365'>-242216 ('). This mean length itself 
is subject to a very snuill periodic oscillation. It is now about 4'21' shorter than in the 
time of Hipparchufl ('). 

(1). The period in which it performs a. complete tour of the Ecliptio is 25,868 years, Tho physical 
cause of Precession is the rotation of the Earth combined with its spberoidat form, and the conaequeut un- 
equal attraction of tho Sun and Moon on its equatorial and polar regions. 

(2), Viil. Sir John Herachera Astron., ed. si., p. 690. Other astronomers vary a little from this in the 
seconds. Delambre gives 61-6'; Ideler, after Lalande, 48'. Bessel agrees very nearly with the Eagliah; 
he gives the seconds 47-S9 ; bo that the years = 38S'2422175. 

(3). The cause of this small variation is tho periodical secular diminution in the obliquity of the Eclip- 
tic, resulting from the joint attraction of all the planets. Tho amount of it is about 4S ee^cnds in a cen- 
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tury. The (UmiautioQ will go on for manj* ages, niter wliioh it will oease, and the obliquity Krill 
tguin imrease. Thug, the plane of the Ecliptic will osoillato baakwaid and forward, the extent of devi- 
Btion on either side of the mean position being less than 1° 21 '. 

12, Although the length of the Tropical year ia not invariable, still, from its 
connexion with the Seasons ('), it has been universally adopted as the larger unit of civil 
time, rather than the Sidereal ycnr, which, like the Sidereal day, does, indeed, possess the 
pi'operty of invariability, but watits the essential condition of adaptability to the ordinary 
purposes of life. The Sidereal year is the interval between two successive conjunctions of 
the Sun with the same fixed star in the Ecliptic ; in other words, the time of the Sun's 
performing a complete revolution in his apparent orbit. We have already seen that the 
annual regression of the equinoctial points is GO'l" ; and this aro ia described by the Sun 
in 20™ 19'9'. Consequently, the time taken by him to arrive again at the same fixed 
star from which he is supposed to start will he so much longer than the Tropical year. 
Hence, the length of the Sidereal year, reckoned in mean Solar time, is 365^ 6" 9" 9'6' ; 
or, expressed in decimals, 365'''2563612 (']. 

(1). The Equinoios and Solstices nre very remarkable, and (except at the Equator) univerMdly ob- 
Krvable, phenomena. They were, therefore, very naturally taken as defining four corresponding points in 
the aonuol course of the Seasons ; with which, especially in temperate latitudes, these celestial phenomena 
hod very obvioos relations. The Sidereal year, on the other hand, though, on close ohservation, suscep- 
tible of a similar application to the purposes of life, yet does not present such well-marked and striking 
points of distinction as the Tropical. 

(2). The length of the Sidereal year, reckoned in Sidereal time, is one whole day more — namely, 
366^ 6'' 9™ 9'6*. The reason of this difference is that the apparent annunl motion of the Sun among the 
stars is in a contrary direction to the opparent diurnal motion of both Sun and stars, the result of which is 
that the Sun seems continually to drop behind the stars in his daily course. In the course of a year, he 
ftill have fallen behind them by a whole eiroumferenoe of the heavens; that is to say, he will have made 
in a year one diunuU revolution less than the stars : so that the same interval of time which is measured 
by 386'' 6", &0., of Sidereal time, will be called 365*' 0", &c., if reckoned in mean Solar time. This, again, 
gives us the ratio already found between the mean Solar (or civil) and the Sidereal day: viz., 1-00273791: 1. 
In other words, 100,000,000 common, or civil, days are equal to 100273791 Sidereal days; or, less exactly, 
in 1000 oommon days, the Earth makes 1002j rotations on her axis. 

13. The Solar day and Tropical year, however oonvenient m other respects as 
standard units of time, labour under this disadvantage, that they are incommenaurable 
quantities : that is to say, the Tropical year does not consist of an exact number of 
Solar days, nor is the overplus fraction an exact sub-multiple of a day, such aa a fourth, 
for example. Now, as the year must, for the practical purposes of life, contain on fjt/cjer 
number of days, the plan that has been generally adopted ia to take the next less integer 
aa the normal length of the year, and to let the fractional remainder accumulate each 
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year until tlje accumulfttion exceeds a whole day, and tlien add tliia day to the length of 
the corresponding year. The day so added is called the inlcrcahii'y clay, and the year to 
■which it is added the intercahiy year. Thia method amounts, in effect, to employing 
two civil years of different lengths : the normal one (of 365 days), which is less than the 
Tropical year ; the other (of 366 days), which is greater than it. The main object of a 
well-adjusted Calendar is so to arrange the sucoesaion of these two years of 365 and 366 
days, respectively, that the connexion hetween the Solar day and the Tropical year may 
be continually maintained, in a manner at once the most exact, simple, and convenient ('). 

(1). Among the most romorltablo and famous adjnshnenls of the Solar year, that adopted by the 
ancieat Egj'ptians holdaa oonspicuouB place. Their year canaistcd of SGSdaj-s, divided into 12 months, of 
90 days each; the remaining five days being annexed {itay6iitriu) at the end. The French Revolution Calen- 
dar was constnicled on the same principle, except that the intercalary day, which the Egyptians did not 
admit at all, eontinued to be inserted every fourth year. The Egyptians were, no doubt, fully aware that 
the Tropical year contained about aiz hours more than 36S days ; bat this number being, probably, con- 
Bocraled by early religious associations, they were unirilling to correct it. The result, of course, was that 
the commencement of the Egj'ptian year was not fixed in reference to the Seasons, but retrograded at the 
rate of nearly six hours annually, and so traversed the whole circle of the Seasons in 1460 years. In other 
words, at the end of 4 x 3G5 years, the annual error of jth of a day amounted to 365 days, or a whole 
year ; and the commencement of the year was restored t« the same place that it occupied at the beginning 
of the period of 1460 years. From this perpetual change, the Egyptian year was caUed aunut eagut. 
The Arabians, on the other hand, having learned from the Egyptians the true [approximate) length of 
the Tropical year, adopted the intercalation of a day every fourth year ; ho that 14G0 Arabian years were 
equivalent to I4G1 Egyptian. This gave rise to a difference between the dates of these two ancient 
nations, similar to the difference which at present exists between the Husaians and other European nations. 
The restoration in Egypt of the ooineidenee between the Civil and Solar year at the end of the 1460 years 
gave rise, as is known, to the fable of the Phanix. — 77(7. Ideler, " Handbuch," i, 68, D3. 

14. Of all the methods of maintaining, by moans of intercalation, the correspon- 
dence between the Civil and Solar years, that estahhshed hy Julius Cresar in his re- 
formed Itoman Calendar is the most worthy of note ; not merely because thia Calendar 
became that of the lioman Empire, but, still more, because the Julian Calendar was 
adopted, with some slight changes and adaptations to Church purposes, by the early 
Christians in the West, and still continues, with the corrections introduced into it hy 
Pope (Gregory XIII., in the year 1582, to be the Oi^il and Ecclesiastical Calendar of 
West em Christendom. 

15. The ancient Roman year, aa arranged by Numa, who probably learned it from 
the Greeks of Magna Grtecia, was Lunar Q). And Livy informs us, in a remark- 
able passage ['), that Numa so regulated his Lunar year of twelve months, by the 
insertion of intercalary months, that at the end of every nineteenihj^) yeos it again 
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ooiacided with the same point of the Sun's course from which it started. The mention 
of this nineteen-year cycle (if rhjaimo he the correct reading) seems to throw doubt on the 
oorreotness of Livy in attributing the use of it to Numa, as we know it was first intro- 
duced at Athens by Meton, b. c. 432. And, in fact, some learned men maintain that the 
BO-called Calendar of Numa was not his at all, hut the work of the Decemvirs, who were 
sent to Athens (u. c. 300) to transcribe the Laws of Solon, and to acquaint themselves 
■with the constitutions and usages of the other states of Greece. The Athenians at that 
time made use of the Odaderis, or eight-year cycle, for adjusting the Solar and Lunar 
year ; and the Decemvirs, most probably, bocame acquainted with it, and on their re- 
turn to Rome employed it in reforming the previously-existing Calendar, by changing 
the year from a purely Lunar one to a Limi-Solar (Ideler, ii. 56, iq.). The introduc- 
tion of the intercalary mouth, Mercedoniua, was probably occasioned by this change ('). 
However, the lloman year subsequently fell into a state of utter confusion. This was 
due in no small measure to the caprice or dishonesty (') of the College of Pontiffs, or the 
Ponfifex Maximus, part of whose functions it was to adjust the Lunar year to the Solar 
by tie insertion of the intercalary month, Mcyccdonius. 

(1). Soe the artii;lo " Romna Calendar," in Switira " DictioaBry of Greek and Roman Antiquities ; " 
and Ideler, " Handbuch," ii. 31. Of the earlier history of the Eomaa mode of reckoning, our knowledge 
u very scanty and imperfcot. Uoinmscn (Hist, of Home, vol. I.) maintains that the lUmans, and pro- 
bably the Italians generally, had at first en independent reckoning of their own, before they come under 
tbe influence of Greek civilization. Of the year of Homuhit we know almost nothing, with certainly 
{Idaler, II. 31). 

(2). Hisfor. lib. i. 19: — ^"Qnem (annum) intercalaribua menaibus interponendis ita diapensavit nt ryr- 
nmo anno ad metam eandem Solis unde orid sunt, ptcnis annoram omnium spatiiB, dies congruerent." lu 
translating the word ' vigeaimo,' it is necesGary to bear in mind that the Itomana counted both extremos in 
defining the interval from one point to another. A similar oaago we see in the French expressions, hull 
Jouri, for a iceeA, and quimejoure, for ti.fortiiighl. 

(3). The reading is uncertain ; some codices have quarto et viyaimo, instead of vigetimo, — Vid. Ideler, 

n. 70. 

(4). The origin of this term is nncertain. It has been suggested that it is derived from mercee, be- 
cause yearly wages were paid in this month. But, curiously enough, no Latin author uses the word, tho 
term mensii iiilercalarit taking ita place. Plutarch writes it Mf/iitijltrS»«i, or HtpKiShiot. — Vid, Ideler, 
U. 30. 

(6), They lengthened or shortened the year, oa it served the ends of their political party, or thwarted 
tlioso of their opponents ; or in order to increase or diminish the profita of the farmers of the public reve- 
nues ; or for other corrupt purposes. To such an extent did the confusion proceed, that the annual festi- 
vals were entirely misplaced, so that, as Suolonius saya, "Seqne mesaium ferias ttstati, neqne vindemia- 
turn HUctumno competerent." 

16. Julius CEBsar, as Pontifex Maximus, In his third consulate (r. c. 708, b. c. 
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46), undertook to reform this disorder, with the aid of Sosigenes, an eminent Alex- 
andrian astronomer and mathematician ('), The task which he had to perform was two- 
fold : namely, first, to correct the errors already existing; and, secondly, to guard against 
their occurrence in future. 

I. First, then, the Kalends of January had receded from their original place in the 
Solar year (the brunxr, or winter Solstice) almost to the auttimnal Equinox. In the year 
46 B. c, the winter Solstice for the meridian of Rome fell on the 24th of Decemher 
(Julian reckoning). Ciesar, it seems, would have assigned the hruiim to the Ist of Janu- 
ary ; hut, wishing to disturb aa little as possible the arrangement of tlie old Lunar year of 
Numa, he preferred to date the first year qfhia reformed Calendar from the neic moon next 
after the hruma ; which new moon fell on the night between the 1st and 2nd of January, 
B. c. 45. Accordingly, he added to the preceding year (u. c. 708) two other intercalary 
months, containing 67 days; thus making the number of months in that year 1-5, and 
the number of days, 445 ('). Hence this year (d c. 46) was commonly called "the year of 
confusion " {annus confimom's) ; but far more fitly by Macrobius, tiHinius anmit confusionis. 
The winter Solstice was assigned to the 25th of December {viii. Kal. Jan.), a day later 
than the true bitima, as given above. In conformity with this, the vernal Equinox was 
assigned to March 25 (\'iii. Kal. April.); the summer Solstice, to June 24 (viii. Kal. 
Quint.); and the autumnal Equinox, to September 24 (viii. Kal. Oct.). 

(1), Julius Cposar, during his abode in the East, had become familiar with the use of the Solar year ; 
aud, probably, during his sojourn at Alexandria, had become acquainted with Sosigenes, the astronomer. 

(2). These 446 days were thus made up ; — The ordinary Lunar year, 355 days ; the ordinorj- inter- 
calary month, Merccdonius, 23 days ; two citraordinary intercalary months, interposed between Novem- 
ber and December, one of 33, the other of 34 days (67 days) = 445 days (Idelor, n, 121). 

17. II. The provision for the future was as follows. The year waa made 
entirely Solar, instead of Luni-8olar('). The commencement of each new year was 
fixed, aa above stated, to the Kalends (or Ist) of January, The length of the Tropical 
year was taken to be 36oJ days exactly {'). Every fourth year, beginning with the 
first year of the new reckoning (h, c. 45), was to be intercalary, consisting of 3G6 days 
(J X 4 - 1), three consecutive years being '6G5 days each. The intercalary day waa 
inserted in the place occupied by the intercalary month (Mereedoniua) of the old Lunar 
year — namely, between the Festivals of the Terminalia and the Regifugnim, the 23rd and 
24th of Fvhnianj (vii. and vi. Kal. Hurt.). The day thus intercalated was called Bia- 
sexto, or ante diem Bmexium Kal. Mart. (') ; and the year of intercalation, annus biasi-x- 
iilia. The form bkserlilis (whence our term bissextile) does not occur in any writer prior 
to Bede. The English term " Leap-year" the dictionaries erroneously explain by saying 
that every fourth i/tar leapa over a day more than a common year. The correct eiplana- 
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tion is given in the Prayer Book of 1604 : namely, " On every fourth year, the Sundai/ 
Letter leapeth," There is also, in modem Calendars, a difference between the Civil and 
EooIeBittstical method of intercalation, which I eboU have occasion to notice hereafter 
(Art. 25). 

(1). To the 355 days of Numa's Lunar year he added ten daya : two to each of the monthB of Janu- 
•ry, Seitilis, and December ; and one to each of the moBths of April, June, September, and November, 
which before bad only 29 days eaeli. la order not to alt«r the intervals between the feativols of each 
month, or, as CemtorinuB expresses it, nt religiones tiii cuj'uiquc inensis a loco siibmoverenlur, he added the 
new days to the enil of each monlh {Ideler, ii. 125). 

(2). The true length of the year had been more approsimately ascertained by Hipparchus, at 
Rhodes, more than a centnry before ; and Sosigenea must have been well acquainted with it; so that the 
less correct length of 365^ days was deliberately preferred, doubtless because it offered a simple and con- 
venient method of intercalation. Ho proTision was made for the future correction of the accumulation of 
error arising from this cause (.rid. infr. Art. 72). 

(3). Tho way in wliich the intercalation took place is shown in the following Table, in reading which 
It must be remembered that the Bomans reckoned the days of the month backurards, and included tho day 
from which they reckoned :— 



Common Tear. 


Bisseitile. 


VII. Kol. Mart, . 23 Feb. 


Vir. KaL Mart., . 23 Feb. 




BiBsext, .... 24 „ 


TI., 24 „ 


VI. 25 „ 


V. 25 „ 


v., 26 „ 


IV. 26 „ 


IV., 27 ., 


m. 27 „ 


m 2ft „ 


Prid.Kal., ... 28 „ 


Prid. Kal 29 ,. 


Ka].Mart., . . . 1 March. 


KaJ. Mart., ... I March. 



Thus, in a common 3^ar, the S4t}i of February was counted the sUlh day before the Kalends of March. 
The day intercalated (in a leap year) between the 2'lth tmd 23rd was colled bitiexluin (not -u*), or potterio- 
rem, i. e, the second, or laller, sLith, counting backwards. Celsus informs us that the Itoman Jurists 
raised the question whether the former {prior) or the latter (pvaleriar) of the two days which were called 
a. d. VI. £al. Mart., was to be considered as the bisseilum; and that they decided for the jw*(«rtor; that 
is to say, for the day more remote from the Kalends of March (Idelcr, It. 130, 621). 

From what has been said, it wonld appear that our present diBtribution of tho days of the year among 
the twelve months is due to Juliua Cicsar, and not to Augustas, as some have thought. At all events, one 
statement — namely, that, in the Juluin arrangement, February consisted of 29 days in common yean, and 
of 30 in Leap-years— is irreconcileable with the term binexlum applied to the intercalary day. Because, 
if February contained 29 days in a common year, the 24th would not be the 6tb, but tho 7th day be- 
fore the Kalends of March. The only change made subsequently to Julius Caesar seems to have been (hat 
of the months QuiiUilii and Se.clilii, respeotively, into Julias and Augustas. Julius' name was intio- 
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duMd into the new Calcndai', He year after its publication, being a]so the year of hia death (b, c. 44), 
It was substituted for Quintilis, the mouth in which he was horn. Similarly, the name Augustus was 
(by a Senatus Conaultum, and a Plebiscitum) substituted for Bcxtilis {b. C. 8), the same year in which tho 
error in the mode of intercalating was rectified (Art, 18, note 1). Aaguatns was bom in September ; but 
Scxtilia was chosen in preference, because some of tho most remarkable events in his public life had taken 
place that month. It must be remembered that, in the ancient Roman reckoning, the year began with 
Jttarch, BO that, ootmting inclusively, July was the Ji/th month of the year (Quintilis), and August the 
fifth (Siitilis). 

18. It was Julius Cffisar's intention that the intercalary day should be inserted 
prrado qiiadrknnii circiiiiti, as Censorinus expresses it. The phrase which Ctesar used 
was, probably, quarto quoque anno, which the Pontiffs, after his death {n. c. 44), 
understood as meaning anno quarto incipiente (not perneh), i.e. every l/iree years {'). 
Accordingly, instead of intercalating nine days, during the interval from b, c, 45 to b. c. 
9, they intercalated ticclve. When this error was detected, Augustus decreed (b. c. 8) 
that, in order to drop the three superfluous days, there should be no intercalation for the 
next twelve years. Accordingly, the years u. c. 749, 75^, 757, or b, c. 5, a. n. 1, 4, were 
reduced to common years. The intercalation was resumed, u, c. 761, or a. d. 8 ; and the 
Julian year brought back to its proper track. A similar error was avoided for the 
future, by engraving on a brazen tablet the correct interpretation of the Julian rule — 
namely, quinio quoque. iiicipienle nnno (Idolcr, ii. 130-133). 

It is true that only fragments of the Julian Fasti have come down to us ('), and that 
the accounts which we have oE Augustus' correction are not so perfectly clear as to leave 
no doubt remaining respecting it ; yet, oatronomers and chronologers have agreed to 
accept A. D, 8 {v. c. 761) as a Lcap-ynax, and to reckon backwards as well aa forwards from 
it, so as to carry the Julian reckoning into past time as if it had suffered no interruption 
from the cause just noticed. Consequently, A. D. 45, tho initial year of the Julian reckon- 
ing is counted a ien/j-yeor, as Cajsor most probably intended it to he. 

The series of Leap-years, accordingly, in the Julian Chronology, is arranged as fol- 
lows, the dote indicating Leap-years : — 

B.C., . . . . &876S432i [| 123456789 .... a. d. 
that is to Bay, a. d. 4 is the first Leap-year aftei- the Christian Era ; b. c. 1 is the first 
before it. 



(1). Tho mistake most probably originated in the peculiar Roman usage, already referred to, of count- 
ing the two oxtrcmoB in expressing any interval of time ; so that the Pontiffs, not undcrataading the prin- 
ciple of Csesar'a intercalation, thought that ever}'/o»rfA year meant what we should call every third, 

(2). The most complete aceount of tho Roman FatH Sacri is given by Foggini, in his " Fast, Ann, 
Buinaa., " 1719,— J'lW. SmiUi's Dictiounry, Art, " Faati." (Idelar, II, 13S), 
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19. Before pasaing from the Julian year it will be well to notice the veiy pecu- 
liar manner in which the Romans divided tlieir months, and reckoned the days of 
the months ; especially, aa this division was continued in the old Church Calendar ; and 
from the very first has ever constituted an authorized part of our own Prayer Book. 
The following exhibits the divisions and notation of the month of Januari/, which will 
serve as a sample of the rest : — 



D.r.of 




Days of 




Month. 




Moiilh. 




I 


KalendtB JanuaritB, or Januarii. 


17 


a. d. iTi, Kal. Pebr. 


2 


a. d. IT. Xonas Janutuias. 


18 


a. d. XT. „ 


3 


a. d. m. Non. Jan. 


19 


a. d. xiT. 


' 


4 


Pridie Non. Jan. 


20 


a. d. xm. 




G 


Non. Jan. 


21 


a. d. m. 




6 


a. d. Tin. Idas Jannarias. 


22 


a. d. XI. 




7 


a. d. vn. Id. Jan. 


23 


a. d. I. 






a. d. Ti. 


24 


a. d. n. 


' 


9 


a. d. V. 


25 


a. d. nn. 




10 


a. d. IT. 


26 


a. d. vn. 


\ 


11 


ft. d. m. 


27 


a. d. TI. 




12 


Pridie Id. Jan. 


28 


a. d.T. 


1 


13 


Idu9 Jonuarioa. 


29 


a.d.iT. 


J 


14 


a. d. XIX. Kal. Febr. 


80 


a. d.m. 




IS 


a. d. xvm. „ 


31 


Pridie Kal. Febr. 


16 


a. d. XTU. „ 







The rest of the Roman Calendar may be easily completed from this, bearing in mind 
that in March, May, July, and October, the Nones fall on the 7th, and the Idea on the 
15th ; whereas in January, and the remaining months, the Nones fall on the 5th and 
the Ides on the 13th. Hence, in those four months, the 2nd day of the month ia de- 
noted by a. d. vi. Non., instead of iv. From the Nones to the Ides (inclusive) eight 
days elapsed, so that the day after the Nonea was always called a. d. \iii. Idus. The 
Kaleada were so called, according to Macrobius, from the fact that one of the aiinores 
pontificea, whose o£Gce it was to look out for the first appearance of the Moon after con- 
junction, and inform the rex sacrificulus of it, then summoned the plebs (plebe calata, 
i. 6. vocata) to the Capitol, and announced to them the number of days {5 or 7) from 
that day {thence called Calendte) to the Nonea. The JVowes seem to have been bo 
called because thence to the Ides {both inclusive) nine days elapsed. The Idea, again, 
most probably were so caJled {as Macrobius tells us) from an old Etruscan word tduare, 
meaning dict'dere. — (Ideler, ii., 38-45.) 

d2 
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AH this seems to confirm the lunar origia of tlie anoient Koman month : the Ka- 
lends referring to the Neie moon ; the Noiien to the First quarter ; and the Idea to the 
FuU mnon. The second half of the month had no division in it, but the whole interval 
from Full moon to the next New moon was reckoned simply in reference to the latter. 
The curious ouatom of counting the days biickmird also falls in quite with thiB opi- 
nion that the Itomon year was originally Lunar. For the expressions ante diem iv. 
Non. ; ante diem \'ni. Id. ; ante diem xix. Eal. Feb., will then amount to this — it 
wants 80 many days to First Quarter, to Full moon, to New moon. It may also be 
noticed how the peculiarity of the Roman mode of reekotdng, before alluded to, viz., 
including both extremes, shows itself in the above notation. The letters a. d. are an 
abreviatdon of ante diem, and are, in fact, the same as die. Thus, when Cicero saya, 
" Soripsi a. d. xvi. Kal. Feb.," it does not mean that he wrote before the ITth of January, 
but OH that day. The most probable explanation of this curious phrase is, that there is 
a transposition of ante ; so that the phrase originally was diem deeimum sextum ante 
Kalendas. 



20. The Calendars of the early Christian nations in general were, with a few mo- 
difications, essentially based, as to their form and divisions, upon that of Julius 
Cwsar ('). The eras conunonly used by the various nations among whom they dwelt 
were also those employed in Christian records, during the first five centuries. Of these 
oraa the principal, in the West, were The Building of Rome (n. c), and the Era of 
Diocletian. About the year 532 (a, d.), Dionysius Esignus, a Scythian by birth, and a 
Roman Abbot, proposed that all Christians should adopt the epoch of the Birth of 
Christ as their point of departure in counting time and recording dates. As the result 
of his researches and calculations, he assigned this event to Deo. 25, u. c. 753. This was 
called the Vulgar or Dionysian Era, and gradually superseded all others Q). The first 
year of this era was not, however, made to commence on the day of the Nativity, be- 
cause it would have been inconvenient to transfer the beginning of the year from its 
long-established place on January lat. Dionysius, accordingly, assigned the commence- 
ment (or epoch) of the Christian Era to Jan. 1, u. c. 754. It must bo carefully ob- 
served that A. D. 1 ia not the year of the Nativity, but the Jir»i current year qfter it ; in 
other words, it is the year in which Christ completed his firat year. H's birth took place 
». c. 1 {■). 

(1). The traiuitioii from tho heathen to the purely Christian Calendar was gradual. There are still 
extant two Caleadars, ot the 4th Bud dth ceatury, respeotivelj, in which we find heathen and Christian 
elements oomhiued ; e, g, the eight Xundiiue Letters, along with the seven Letters of the Christian wttk. 
The earliest known purely Christian Calendar ia a Gothic one of the 4th cent., probably dravm op in 
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Thraoe. It is printed by 3fai, in the Cth vol. of hi3 Soriptor. vet. nov. Collect. See Piper, art. Ealendor, 
in fftriog't Renl-Encyclop. 

(2) . In Italy the Dionyakn Era was generally adopted before the close of the 6tli oentnry. Its adoption 
in England was chiefly due to Bedo, though a aupposed instance is adduced of its use there as early as a. d. 
680. TheCouDcilof Chelsea (816} decreed that all Bishops should date their Acta from theyear of the Incar- 
nation. In Spain, the Christian Era was not uniformly employed in pnblio documents till aft«r the mid- 
dle of the Hth oeot. In the Papal diplomas Mabilloa has not found it prior to tho time of Leo IX., 
about the middle of the 11th century. In the Eastern Empire, and in Greece, it was not universsJIy 
adopted until after the capture of Constantinople (1433). See SirK, Ificotai, Chron. of Hiiit., p. 4. 
Ideler, II., 365, aq. 

(3). As the first century began on the midnight with which Jan. I, A. D. 1, commenced, bo it ended 
when, dating from that moment, 100 complete years had elapsed ; that ia to say, at the midnight between 
Dec. 31, A. s. 100, and Jon. 1, A. n. 101. Similarly, the second century ended and the third began at the 
midnight between Dec. 31, A. D, 200 and Jan. I, a.d. 201. The entire year a. d. 100 belonged to the first 
century, and the entire year A. n. 200 to the second. In the some way, the first day of the present con- 
tnry was Jon. 1st, 1801 ; and its last day will be Deo. 31st, 1900. 

21. As in counting foncanb from the Birth of Christ, tho year next after that 
event was reckoned as the first of the series a. d., so, in counting backwards, the year next 
before that same event ought to have been reckoned as the first of the series b. c. ; and 
the year itself of the Nativity should have been designated 0, so as to preserve the con- 
tinuity of the whole, unbroken. That is to say, the whole series should have been written 

thus, 3, 2, I, 0, 1, 2, 3 zero being common to both sides. This, accordingly, 

is the scale adopted by astronomers (') in denoting the years before Christ. With them 
the interval between any day in any year a. u., and another day in any year b. c, is 
expressed by simply adding together the numbers denoting the years. For instance, as 
the interval between Dee. 25, a. d. 1, and the Nativity year 0, was one year, ho the 
interval between Jan. 1, a. d. J, and Jan. I, b. c. 1, is 2 years ; and so on. But his- 
torians and ehronologers have not adopted this (correct) mode of reckoning. With them, 
the year immediately preceding a. d. 1, is counted as b. c. 1. The result of which is that 
the hintorical date of any year b. c. exceeds by 1 the astronomical date. So that in cal- 
culating, from historical dates, the interval from any day in any year b. c. to the corres- 
ponding day in any year a. d., 1 must be deducted from the sum of the numbers expressing 
the years, e. g. the interval from b. c. 10 to a. d. 10 is (20-1) 19 years. It is to be borne 
in mind, also, that, in calculating such intervals, the years both before and after Christ ore 
curretit, not elapsed. For example, if we seek the interval between the epochs of the era 
of the Seleucidte and that of the Arabians (Hegirah), the former of which dates Oct. I, 
B.C. 312, and the latter July 15, a.d. 622, we have 311 complete years and 3 months 
before, and 621 complete years and GJ months after Christ ; the sum of which is 932 
complete years, 9i months ('). 
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(1). This mode of reckoning: was first proposed and emploj-ed by tho astronomer J. Cassini. Fid, 
Ideler, I. 76. 

(2). To oocvert this interval into days, we m.uat multiply 932 by 365, and add the 233 Leap-years ; and 
also tlie number of days (S2] in the likst three months of b. c. 312, together with the number (181) in the 
first five months of A. D, 622, j)/u( the 14 elapsed days of July. Hence we get, 340180 + 233 -f 92 -f- ISl + 14 
B 340700 days. 



22. We may now proceed to show Sow the Sundays in any Julian year are de~ 
termined. 

In the first place, the entire year of 365 daya was subdivided into v:eek»{'), or 
groups of seven days, beginning with the lat of January, To the seven days of each 
group were attached the first seven letters of the alphabet, in their order, A, B, C, D, E, 
F, G ; the series being repeated fifty-two times, with one day and one letter over. This 
mode of denoting the seven days of the week was obviously suggested by the Nundin-f, 
or eight-A&y week of the Julian CalendEir, in whioh this division of time, originating 
probably with the Etruscans, was continued {'). The seven letters are called the Calen- 
dar Letters, whioh must not be confounded with the Sundai/ Letters, as they sometimes 
have been. In affixing these letters to the days of the year, it is important to observe 
that no notice was taken of Leap-year, when February has 29 days ; in other words, 
February 29 was passed over, and had no letter affixed to it. The letter D, following 0, 
whioh belongs to February 28, was affixed to March 1. This arrangement of the 
Letters is exhibited in the Prayer Book, in the Monthly Calendar, where the series A, b, 
0, d, e, f, is repeated throughout the year, beginning with January 1. A alone is printed 
as a capital letter, to indicate that, when the first of January falls on Sunday, all the 
days throughout the year to which A is affixed are Sundays ; the small letters indicating 
the successive week days in their order. When the first Sunday in the year falls on any 
other of the first seven days of January, the Letter corresponding to that day is the Sun- 
day Letter of that year ; and the other six (smaller) Letters designate the corresponding 
week days. For instance, if the first Sunday fall on January 2, B is the Sunday Letter 
of the year, and so on ; and, generally, as the first Sunday is constantly changing its 
position, "TnE Letter which stands orposiTE (he Jimt Sunday in any year is called the 
Dominical or Sunday Letter of that year." In the Church Almanacs this letter is 
usually printed in red ink, for distinction's sake. It is obvious, as already intimated, 
that what has just been said of Sunday holds equally of every other day of the week. 
For instance, if January 1 fall on Monday, then a will be the Calendar Letter of all the 
Mondays in the year, as B will be the Sunday Letter. All the Tuesdays will have o as 
their Calendar Letter ; or, in other words, all the days of the year, to which c is a£Exed, 
will be Tuesdays, and so on of the rest. 
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(1 ). The Weet, or aeren-day division of time, i» found amongst the moat vridelj different nationfl of 
the Earth. In the Eastern world, it was employed from a remote ftntiquity by the Chinpse, Hindoos, 
AHyrians, and Egyptians ; while in America it was in use among the ancient PeniTians. This clearly 
indicates tliat it was a national, not a mere conventional division. It was, most probably, the fourth part 
of the synodio month (291 ''ays), each quarter being marked by conspicuous diflereneo of phase. The 
fourth part consistB of 7| days, of which the ne.it lower integer was taken (Ideler, i. 60, 80). Among 
the Shemitio nations, tho week was in ordinary use, at least as early as the timo of Moses. The Greeks 
and Romans became acquainted with it ohietiy, it would seem, through the Jews dispersed among them. 
The Greeks never adopted it into their Calendar, nor did the Eomans, until after the eetablishment of 
Christianity by Conatantine, It was first reoognieed by him, and finally legalised in the Theodosian 
Code, early in the Qth century. The word septimatia (week) occurs for the first time in this Code {Domi- 
nico qui teplimana lotius primiit eil diet). According to Dion Casaius, the ancient .Egyptians derived the 
number and order of the seven days from the seven most conspicuous celestial objects —namely, the Sun 
and Moon, and the five Planets then known ; Saturn, as the most remoto from the Earth, being taken as 
the first of the series (lib. ixxrii. c. 17). The Roman names of the week-days — viz. Dies Satumi, SoUs, 
Lunte, Martis, Merourii, Jovia, Veneris — are the ultimate source from which our modern names are de- 
rived. The Pagan Saxona snbstituted for the names of the days dedicated to the heavenly bodies the 
names of the corresponding di\-inities in the Scandinavian Mythology. Hence our EngUah names of the 
week-days are, partly of Roman, partly of Scandinavian descent. To the former belong Sunday, Mon- 
day, and Saturday ; to the latter, tlie remaining four days. In all cor legislative and judiciary acts and 
documentfl, the Latin names of the days of the week are still employed. 

(3). The days of the year, beginning with January 1, were subdivided into Sttooesaive groups of eight 
days, with the letters from A-H attached to the several days. In other words, the Roman week con- 
sisted of eight days. The formers worked seven days, and on the eighth (noKO quoque die) wont into the 
rity to market, and to acquaint themselves n-ith public affiairs. Between two sucoesaive nundinie there 
were, accordingly, seven ordinary days. In their pconliar form of reckoning (before referred to), tJie 
Romans added the two extremes to the seven intermediate days. Thus, the successive groups were re- 
garded as recurring nono qimqae die, and were acoordingly designated novendinw, or nunilina. This mode 
of reckoning continued until the time of Constantino, He transfoTTed the market days to the Sundays. 
And thuH tho acvcn-day week, which before wos pocolior to the ChristianB, was extended to the whole 



23. The following Table exhibits Rt one view the Calendar Letters correspond- 
ing to all the days of the year, and also the year-number of eoch day, reckoned 
from January 1. The Calendar Letters are all printed in the same character, as is neces- 
sary in a general Table, applicable to all years. The Table is oonstmotfid for a Common 
year, but also applies, with the necessary modifications, to a Leap year. 
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The use ot tMs Table is obvious. If the lat of Jannary (for example) be Sunday, tJien 
every A in the Table -will denote Sunday ; every B, Monday, and so on. If, again, -we 
know the Letter belonging to any given day of the woek, in any given year, the Table 
showB at once the day of the week oorreeponding to any given day of any month that 
year: e. g., if A be the Siojf/ffy Letter of any year [1871), and we wish to know the day of 
the week on whioh the 10th of October falls that year, we see that C is the Calendar 
Letter of that day ; and, therefore, the required week-day is Tuesday ; or, if A be the 
Mondny Letter of any year, then the 10th of October (C) will be Wednesday. And, t\ r., 
if we know any week-day Letter, we can find at once the days of each month corre- 
sponding to it, or any other week-day : e. g., if A be the Sunday Letter and we wish to 
know what days of July will be Wednesdays, the Wednesday Letter will be D, and all 
the days to which D is prefixed — viz., 5, 12, 19, 26 — will be Wednesdays. The inspec- 
tion of the Table also ehows us that, in a Common y6a:r, the 31st of December has the 
Game Letter (A) as the Ist of January ; in other words, the year etuh on the same day of 
the week that H began: whioh is also obvious from thifl, that 365 days oontoin 52 com- 
plet« weeks yi/Hs 1 day {')■ 

We see also that January 1 and October 1 have the same Letter (A), and, therefore, 
these months commence on the same day of the week. So do February, March, and 
November (Letter D) ; so, abo, April and July (G) ; September and December (F). This 
Table also shows at once the number of days from any day of the year to any other day. 
For example, from February 1 to November 28 : February 1 is the 32nd day of the 
year ; and November 28 is the 332nd ; hence number required is 332 - 32 «= 300. This 
includes one of the extremes — either February 1, or November 28. If both extremes be 
included, the munber is 301 ; if neither, 299. 

It is useful to remember the Calendar Letters of the first day of each month, beoauso 
this will suffice to determine, without the Table, the Calendar Letter of every day in 
each month. For this purpose, the following doggrel couplet has been invented. 



Jul. 


Fell. 


March. 


April. 


May. 


Jiuw. 


At 


Dover 


DweU 


George 


Brown 


Esquire 


July. 


August. 


Sept. 


Oct. 


Nov. 


Dm. 


Good 


Christopher 


Finch 


And 


David 


Friar. 



A more ancient and graver couplet is given by Clavius : — 

Astra Dabit Dominua, Gratisque Beabit Egenos ; 

Gratia Christicolre Feret Aurea Dona Fideli. 
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(1). As every month consists of four comjiiete weeks, and (with the exception of February) two, or 
three, daya over, it is obvious that, if the initial day of any month be giTon, the initio! day of any other 
month can be found, without the Table, by multiplying the number of intermediate months (omitting 
February) by 2, adding I for each month of 31 days, and dividing the resulting sum by 7. The remain~ 
der will be the number of days of the week which the required day is distant from the givea one : e. ff., 
if March 1 fall on Tuesday, required the day of the week on which September 1 falls. Here we hare six 



intermediate months, four of which contain 31 days. Therefor. 



; leaving the remainder 2 : 



hence, September 1 falla 2 days later in the week than March I ; i.e., on Thursday, as the Table shows. 
Similarly, if January 1 fall on Sunday, October 1 will also fall on Sunday, because there are 8 interme- 
diate months, omitting February, 5 of which contain 31 days; and -^ — leaves »o remainder: in other 
words, October, in a Common year, begins the same day of the week that January does (see the Table). 
In a Leap-year, 1 day must bu added for February, and the remainder will be 1, showing that La a Leap- 
year October 1 foEs one day of the week later than January !. 

24. Hitherto we have been dealing with the Comtmn year, of 365 days. We have 
now to conaider what changes take place in the case of icn/j-year. 

In the first place, it is obrious that, by the addition of a 29th day to February, the 
ijear-numlk'j- of each subsequent day must be increased by 1 — thus, March 1 becomes 
the 61at (instead of the 60th) day of the year; and so on to the end — and that the year, 
therefore, ends, not on the same week-day on which it commenced, but on the next : e. g., 
if the year begin on Sunday, it will end on Monday. 

Secondly, the insertion of the intercalary day will cause a change in the Sunday 
Letter subsequent to February 29. Because in the week in which the intercalary day 
occurs, tico days have the same Letter, and, therefore, from the preceding Sunday to the 
next following Sunday, there will be only ii.x Letters reckoned : consequently, the Letter 
of the latter Sunday must be one less than the Letter of the former Sunday. Thus, for 
example, the Sunday Letter of 1872 (Leap-year) was G. Consequently February 25 
(G) was Sunday; 28th (C), Wednesday; 29th (to which no Letter is attached, or else 
that of March 1), Thursday ; March 1 (D), Friday ; March -3 (F), Sunday. Therefore, 
F (instead of G) denotes that Sunday, and all the remaining Sundays of the year. 
And, generally, in a Leap-year, the Sunday Letter, after the 29th of February, is the 
Letter immediately preceding the Sunday Letter at the beginning of the year, and up to 
February 29. Or, to state the same result in another form, the effect of the intercala- 
tion is to push up all the week-days after the 28th of February one place, while the 
series of Calendar Letters is left untouched. A Leap-year, therefore, has lieo Sunday 
Letters, the first applicable to the first two months of the year, and the other to the last ten; 
the second Letter being, in the order of the letters of the alpJiabet, one behind the first; e. g,, 
the Sunday Letters of 1872 were G, F. 
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Hence it aiao follows, that, as a Common year ends with the same day of tho week 
with which it began, the first seven days of the year next after a Common year fall upon 
the week-days which immediately encceed those on which they fell the preceding year; 
that is to say, the Simday Letter of the following year is one behind that of the preceding. 
The year following a Leap-year has, for its Sunday Letter, a Letter iico behind that with 
which the Leap-year commenced: e. g., the Sunday Letter of 1873 was E, and of 1874, D. 
The Sunday Letters of 1872 were G, F, that of 1873 heing E. 



25. The Church of Home has adhered to the ancient Ecclesiastical Calendar, in 
placing the intercalary day between the 23rd and 24th of February, as the old JuHan 
Calendar did (Art. 17) ; thus making, in fact, two 24ths, as in the Julian Calendar there 
were two vi. Kalend. Hence the change of Sunday Letter, in Leap-year, takes place in 
the Roman Calendar after the 24th of February ; not, as with us, after the 29th. The 
note in the Roman Breviary and Missal is " In anno bissextiH, Fchruarius eat dierum 29 ; 
et Festum S. Mathiio celebratur 25 Februarii, et his diciiur Sexto Calendas, id est, die 24 et 
die 25, et Litcra Domlnicalis quse assumpta fuit in mense Januaiio mutatur in pneeeden- 
tem : ut si in Januario Xiitera Domlnicalis fuerit A, mutatur in priecedentem, quas est g, 
et litera f bis servit, 24, 25," The same rule is laid down in the Sarum Missal : " Si 
Bia-iextus fuerit, quarts die a Cathedra S. Petri {February 22) fiat Featum S. Mathiaj," 
In our first Prayer Books, the ancient rule was followed, or intended to be followed, as 
to the mode of intercalation, and the change of St. Matthias' day to the 25th in Leap- 
years. In the Church Calendar, the place of the Itcgifngium was taken by St. Matthias' 
day. But at the final revision, in lti62, the ancient practice was given up, and (he 
Civil mode of intercalation — namely, making the 29th day of February the intercalary 
day — was adopted. Tlie lierisers of 1662 were, probably, induced to make this 
change in order to put an end to the doubts and mistakes which had arisen respecting 
the proper day on which the Festival of St. Matthias should be kept ('). 

The following Table shows the arrangement respecting Leap-year in the Roman and 
the English (or Civil) Calendar, respectively. The asterisks indicate the intercalary 
days. Compare the corresponding portion of the old Julian Calendar, Note 3, Art. 17. 
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Common Tear. 


Leap-yeiu 


. fioman Calendar. 


Leap-year, Civil Calendar. 


22 Peb. 


D 


22 Feb., 


D 


22 Feb, 


D 


23 „ 


£ 


23 „ 


E 


23 „ 


E 


24 „ 


F 


24 1,, 


F bit* 


24 ,. 


F 8. Matthias. 


25 „ 


G 


25),, 


F 8. Matthias. 


25 „ 


G 


26 „ 


A 


26 „ 


Q 


26 „ 


A 


27 „ 


B 


27 „ 


A 


27 „ 


It 


28 „ 


C 


28 „ 


B 


28 „ 


C 






2a „ 


C 


29 „ 


DJm.» 


IMar. 


D 


1 Mar., 


D 


IMar. 


D 



Thus, in both, modes of reckoning, and whether the year he Common op BisBextile, 
Maxoh 1 haa always the Letter J). In the Roman Calendar, the intercalation does not 
disturb the arrangement of the Calendar Letters, except from February 26 to Pebraary 
28. In the Civil Calendar (that of the AngUean Chtireh) there is no displacement at all 
of the Letters. February 29 merely takes the same Letter (D) as the following day, 
March I. 

(1), The origiiml compilers of our Prayer Book (1549) so far changed the ancient usage of the Church, 
as regards the intercalary day, that they placed it between the 24th and 23th of February, instead of be- 
tween the 23rd and 24th. In the "Order of how the rest of Holy Scripture is appointed to be read," they 
laid down the following rule ; — "This is also to be noted, concerning the Leap-years, that the xiv. day of 
February, ichich in Lenp-yi-ar U counted for two dat/s, shall on those two days alter neither Psulm nor Lea- 
son ; but the same Psalms and Lessons, which be said the first day, shall serve also the second day." The 
some rule was continued in the two succeeding Prayer Books, of Edward VL and Elizabeth (1552, 1S59]. 
Dr. Nieholla (Commentary on the Book of Common Prayer) is of opinion that the compilers of our Prayer 
Book fell into an error respecting the proper day of intercalation, moting two 25th days, instead of the 
old and correct tno 24ths. But "Wbeatly considers it highly improbable that so mony learned men 
should have been ignorant both of the Itubrics and practice of (he old English Church. He, there- 
fore, holds that the alteration was made designedly, in order that there might bo no confusion in the 
observance of St. SIntlhias' day (Feb. 24), but that it should be always kept on the 24th, in Leap- 
year, as well as in a Common year; and not on the 25th in Leap-years, as the Breviary and Missal 
directed. But if this were the reason, it is strange that in the Calendar of that Prayer Book, as well as 
in that of Elizabeth and Edward's Books, St. Matthias' day is nifixcd to February 25. In King Jomea' 
Prayer Book (I6IM), not in Elizabeth's, as Wheatly says, the older practice, with regard to intercalation, 
was restored, and tho Rule was thus altered : — " 'When the year of our Lord may be divided into four even 
parts, which is every fourth year, the Sunday Letter leapeth ; and that year the Psalms and Lessona 
which serve for the xziit. day of February shall be read again on the day following, except it be Sunday, 
which hath proper Lessons of the Old Testament appointed." It is plain from this that it was intended 
to restore the intercalary day to its former place between the 23rd and 24th, and it is equally clear that 
it assumes the exist«noe in the English Church of the Roman rule, that, in a Leap-year, St. Matthiaa' 
day should be iupt on the 25th ; beoanse, if the Lenwna for the 23rd were also to be read on the Uth, 




Q proper ^t Lessons diScront 



THE CALENDAR. 

in Leap-years, then that day could cot be St. Matthias', vMcb had its o' 
from those of the 23rd. 

The Reviewers of 1662 ivhoUy omitted the Rule of the preceding Prayer Books relative to the repeti- 
tion of the Psalms and Lessons in Leap-year, and adopted the Civil method of intercalation — viz., adding 
a 29th day to Februarj-, making it the intfiroalatcd day, and appointing Lessons for it : the tirst Lessons 
in their oourse, the second Lessons out of nonrso [Matt, vii. and Rom. lii.). They moreover fised the 
Feast of St. Matthias permanently to the 24th of February. It may be worth adding that, by an old 
statute (21 Henry III., a. b, I23G), it is enacted that the place of the intercalary day shall be that which 
it occupies in the old tlmroh reckoning. 

For several years after the Revision of 1622, some of the Almanae makers still adhered to the ouitom 
of plaoing St. Matthias' day in I^ap-yeor on the SSth ; which led to some diversity of usage in the 
Church ; to put an end to which, Arohhiahop Sancroft (who waa himself one of the Revisers, and was 
principally concerned with the Calendar revision) published (1683) an Injunction, requiring "all Parsons, 
Vicars, and Curates, to take notice that the Feast of St. Matthias is to bs celebrated, not upon the 25tb 
of February, but on the 24th of February, for ever, whether it be Leap-year or not, as the Calendar in 
the Liturgy, oonJirraed by the Act of Uniformity, appoints and enjoins." Tims the uncertainly about St. 
Matthias' day was finally removed, and our Churuh observes it, in Leap-year, on the day before the 
Church of Rome does. Dr. KichoUs, indeed, denies the authority of Archbishop Sancroft's Injunction, 
and tries to maintain that the Caroline Revisers did not mean to substitute the Ci\-il for the Ecclesiasti- 
cal method of intercalation ; nor to deviate from the ancient usage of the Chuich by observing St. Mat- 
thias' day on the 24th instead of the 25th. 

26. From what has been said (§ 21) it is plain that, if we know tlie Sunday Letter 
for any given year in the old Julian Calendar — that ia to say, the Julian Calendar be- 
fore the Eeformation of Gregory XIII., in 1582 — we can find those of all the preceding 
and subsequent years. IE, for example, we know that a. d. 1000 (a Leap-year) had for 
its Sunday Letters G F, we also know that the Letter of the preceding year, 999, was A, 
of 998, B; and so on, until we reach 972, when we arrive at GF again. Similarly, count- 
ing forwards from a. d. 1000, we get E for 1001, D for 1002, and so on, until we reach 
1028, when we arrive at G F again. And it further appears that in each of these two 
perio*^ of 28 years— namely, 972-1000, and 1000-1028— the Sunday Letters succeed 
each other iu exactly the same order. Nor is this peculiar to those two periods. It will 
be found to apply to all the preceding periods of 28 years, up to a. d. 20, and to all 
the subsequent periods down to 1560, in the Roman reckoning, and to 1748 in our own. 
And the same, of course, holds true if we start from any other year of which the Sunday 
Letter, or Letters, is known. In all cases, the Sunday Letters will be found to recur 
in cycles of 28, their order of succession in each cycle being identical. 

This remarkable cycle is called the Solar Cycle, or, more properly, the Cvcle of 
THE Dominical Letters (Cyclus Solaris; kvkXo^, or onrutKauiKoaafTTtptc, tov tiXIov). It 
Beems to have been made use of about the time of the Council of Nice. It is an L 
diat« DOnsequenoe of the Julian intercalation of a day every fourth year. If all years 
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Donsisted of 365 days, (lie Sunday, and all the other Calendar, Letters would reour in 
the same order at the end of every seven years ; because, in passing from one Common 
year to the nest, the Sunday Letter retrogrades one place : consequently, at the end of 
seven consecutive Common years, it would come again to the place from which it started. 
But the insertion of a day every fourth year interrupts this regular order of regres- 
sion. Every Leap-year causes the Sunday Letter to recede two places ; therefore, in 
four years it retrogrades Jife places, in other words, every fourth year, the regular rote 
of regression is increased by one place ; therefore, in seven times four years, there will 
be seven such additions ; that is to say, at the end of 28 years the displacements arising 
from the Leap-years will be all adjusted, because the total number of regressions will be 
35 — an exact multiple of 7. If, then, a Table of Sunday Letters were constructed for 
(T/iy 28 years of the Julian Calendar, it would show the Sunday Letter {or Letters) for 
every corresponding year of every cycle down to the Change of Style, when the Julian 
Calendar -was corrected. 

27. In conatrueting such a Table, any year may be token at pleasure, as the starting 
point of the cyclo. The starting point originally assumed was defined by tliis con- 
dition — That it should be a Leap-year, in which the first of January was Monday, and, 
therefore, the Sunday Letters Q- F. The following Table exhibits the resulting con-e' 
gpondence beticcen the years of (he cyele and the Sunday Letters; the asterisks marking the 
lieap-yeois :— 

Table showino the Relation between the Successive Tears of the Solar 
Cycle and the Sunday Letters. 



Tear, of the 
Cycle. 


Bundiy Letter. 


Ywaoftlie 
Cjcla. 


Sunday Letter. 


* 1 


or 


15 


C 


2 


E 


16 


B 


3 


D 


*17 


AG 


4 





18 


F 


* 5 


BA 


19 


E 


6 


a 


20 


D 


7 


F 


•21 


CB 


H 


E 


22 


A 


* 9 


DC 


23 


G 


10 


B 


24 


F 


11 


A 


*25 


ED 


12 


G 


26 


C 


•13 


FE 


27 


B 


H 


D 


28 


A 
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This cyolo may be applied to ani/ era, of wliich the Sunday Letter of the initial year, 
or epoch, is known. Dionysius Exigutia calculated that the Nativity of our Lord took 
j>locG on Sa(iird/t^, December 25, b. c. 1. Consequently, January 1, a. d. 1, also fell on 
Saturday; therefore Me Sundni/ Letter of a. D, 1 wa^B: a. d. 1 might, accordingly, 
begin with any of the three years of the above cycle which have B for the correaponding 
Sunday Letter. He choose the 10th year of the cycle, as being the first with that Let- 
ter. Consequently, the Christinn Era began on the Idlh year of the Solar Cyck. Hence 
the following Rule for finding the Siiudny Letter corresponding to any year ofouy Lord: — 

To the numeral of the given year a. d. add 9, and divide the sum by 28. ^f t/wre be no 
retttainder, the year of the cycle is 28, and the required Letter is, by the Table, A. i/" there 
be a remainder, the Letter or Letters opposite that number will be the required Letter or 
Letters. For instance, if the remainder be 1, it will be the first year of the cycle, and 
the Sunday Letters will be G F ; if the remainder be 3, it will be the second year of 
the cycle, and the Sunday Letter will be E ; and so on. 

Example. — Required the Simday Letters of a. d. 1000 (Leap-year). Here we have 

— ^n — = 36, with a remainder 1 ; showing that 36 complete cycles had then 

elapsed, and that the first year of the 37th cycle was current; and that, therefore, the 
Sunday Letters are G F. 

The Rule may be generally expressed by the following convenient formula, where a- 
denotes the number of the year a. n. ; r the remainder after dividing j- + 9 by 28 ; and L 
the Sunday Letter (or Letters) corresponding tax: — 



£ = 



28 



Tho Letter (or Letters) oorreeponding to the numerical remainder will be found in 
the Table, as before. 

We have just seen (Art. 27) that the epoch, or starting point, of the Solar Cycle is 
B. c. 9. Consequently, the first cycle ended a. d. 19 ; and the second cycle began a. d. 
20 : and so on, continuously. 



28. The Table (Art. 27) will also show the Sunday Letter corresponding to any 
year Before Christ. Not, of course, that there were Sundays then ; but it may still be 
desirable to know the Scrcnfk-day Letter, reckoning backwards from tho first Sunday of 
the Christian Era. The following is the Eule for finding it, the reason of which ia 
obvious, from what has been said above : — 

Take (he multiple of 28, u-hich, irhcn added to 9, aill be the epoch of tJte cycle next before 
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the given year b. c. Subtract the latter from the farmer, and to the difference add 1. T!at 
will gipe the year of the cycle, and the corresponding Letter {or Letters) in the Table teiU be 
the Sunday Letter {or Letters) sought. Fonuula (1) becomes ia this case 

-■'(:-^^)- 

where L' denoteB the Sunday Letter (or Zjetterfl) oorreapoiidiDg to year-number b. c. (aQ, 
and n the multiple of 38 whioh will make ». 28 + 9 greater than /. 

Ex. 1. E5nd the Sunday Letter of b. c. 200. 

Here we have 7 x 28 = 196 
+ 9 

B. c. 205 ■= Iflt year of a cycle. 
200 

5 years of the oyole elapsed. 
Therefore 200 is the 6th year of that oyole ; and by the Table the Sunday Letter 
isG. 

Ex. 2. Find tlie Sunday Letters of b. c. 165. 
Here 6 X 28 = 168 



B. c. 177 = Ist year of a oyole. 
165 

12 years of the oyole elapsed. 
Therefore b, c. 165 ia the 13th year of that oyde; and by the Table the Sunday 
Letters are F E. 

29. Instead of the Table (Art. 27), we may use the following Table, which is, in fact, 
the same as the former, only that it begins with a.d. 1, whose Sunday Letter is B : — 



SolurCj«b, . . . 


1 


2 


3 


4 


6 


6 


7 


8 !) . 10 


U , 12 


13 


U 


Bimday Letto, . . 


B 


A 


Q 


FE 


D 


c 


B 


AG 1 F I E 


D CB 


A 


O 


8oUr Cycle, . . . 


16 


le 


17 


18 


19 


20 


21 


22 


23 


24 


2S 


23 


27 


28 


Bondajf Letter, . . 


F 


ED 


C 


B 


A 


GP 


E 


D 


C 


BA 


O 


F 


E 


DC 



This Table will determine the Sunday Ijetter for any given year A. D. in the Julian 
reckoning, or Old Style. The following is the Bule : — 
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Divide the given year by 28; the remainder will then be the current year of the cycle. 
The Letter (ar Letters) corresponding to this remainder will be the Sunday Letter {or Letters) 
required, 

Ex. 1. A. D. 1066. Here we have 

The quotient is 38, showing that 38 complete cycles had elapsed. 
Ex. 2. A. D. 1420. Here we have 



/1420\ 
\28 )r 



= 20 = GF. 



The quotient is 50 ; and, therefore, 50 complete cycles had elapsed. 

A similar Table will, of course, show the Sunday Letters for all the years b. c. The 
Sunday Letters of b. c. 1 are CD ; therefore the series for the first cycle, reckoning back- 
wards from B. c. 1, is as follows : — 



. Solar Cycle, . . . 


1 


2 , 


3 


4 


5 


6 


7 8 


9 


10 


11 


12 


13 


14 


Sunday Letter, . . 


CD 


£ 


F 





ab; c 


D 


£ 


FG 


A 


B 


C 


D£ 


F 


; Solar Cycle, . . . 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 

1 


Sunday Letter, . . 


G 


A 


BC 


D 


E 


F 


GA 


B 


C 


D 


EF 


G 


A 


»; 



The Bule is the same as that for years a. d. It may be observed, though, that in a 
Leap-year the secotid of the Letters is the Sunday Letter for the early part of the 
year, the/r«^ for the later part. 

Ex. 1. B. c. 1066. Here we have 



Ex. 2. B. c. 1420. Here we have 

/1420\ 



\28 I 



= 20 = F. 



On comparing the two Tables in this Article, we see that, while for the years a. i>. 
the series of Letters proceeds in a retrograde order, for the years b. c. it proceeds in a 
direct order. 

30. The Tables which have just been given are sufficient to find the Simday Letters 
for any year b. c, or a. d., Old Style. The only arithmetical process required is the 

F 



v^ 
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division of tlie given year by 28. But Tables have been oonBtraoted by means of whioh 
even this eaay process is rendered unnecessary, and the Sunday I^ter found by a simple 
iaspeotion. Several such Tables have been drawn up. But, while they differ in some 
minor details, they are all constructed on the same general plan— namely, a oyole of 
seven centuries with the Solar Cycle of 28 years. I shall first exhibit the more usual 
form of these Tables, and then point out the principle of their oonstruction. 

TABLE I. 

To PiHD, BY SniPLE Inspection, the Scndat Letter (ok Lbtfers) foe any 

Yeab Before Christ. 



2ft 


.-.: 


■M] 


,w 


31 


AS 


M 


m 


«a 


« 


M 


fi'^ 


3fi 


«:i 


^fi 


M 


.V 


to, 


»H 


fin 




fi7 


411 


AH 


*1 




42 


in 


43 


■l\ 


44 


n 


4J) 


7a 


4S 


74 


47 


Vn 


48 


7H 


4fl 


77 


fifl 


7ft 


A 


7!t 


fi? 


Rft 


Sa 


Jt 


,^4 


M 




m 


{,6 


at 



CeatuiiM B. c. : Uuil b, Ihe Cent 


uriil Fisnra. 


»h«llu>l«oUMFiiijrao 


fth« 




DaUlunben dropped. 




. ' ■ 


2 1 3 


^ 


i 


6 


7 ! 8 


8 1 10 




12 


13 


14 ' 16 


19 , 17 


18 


19 


20 


21 22 


23 24 


2S 


26 


27 


28 i 39 


30 31 


32 


33 


34 


35 


36 


37 BS 


39 


40 


41 


f^\ „ 


(f).- 


(X\ „ /J\ , 


fX\ 


/x\ 


/Z\ 


{fjr' 


(W.-'lif).-' 


(7),= * 


(7).-' 


(:),-'■ 


CD 1 BC 


AB 1 OA 


FG 


£F 


DB 


£ U 


c n 


A 





P 


F E 


D ' G 


B 


A 


G 


O F 


E 1 D 


C 


B 


A 


AB GA 


FO 1 EF 


DB 


CD 


BC 


£ i B 


A 


P 


E 


D 


D 1 C 


B 


A 


F 


E 


B D 


C 


B A 





F 


FG EP 


DE 


CD BC 


AB 


OA 


A G 


¥ 


E 1 D 


C 


B 


B A 


a 


F 1 B 


D 


C 


C 1 B 


A 


O p 


E 


D 


DE 1 CD 


BC 


AB GA 


FG 


EP 


F 1 E 


D 


C , B 


A 


' Q 


O I F 


E 


D ! C 


B 


A 


A ; 6 


F 


E 1 D 


C 


B 


BC AB 


GA 


PO ' EP 


DB 


CD 


D 1 C 


B 


A 





P 


E 


E ' D 


C 


B 


A 


G 


p 


P j E 


D 


C 


B 


A 





OA FO 


EF 


DE 


CD 


BC 


AB 


B A 





F 


E 


D 


c 





B 


A 





P 




D 


D 


C 


B 


A 





P 


E 


£F 


DE 


CD 


BC 


AB 


GA 


FG 





F 


£ 


D 


C 


B 


A 


A 


G 


F 


E 


D 


C 


B 


."_ 


A 


O 


F 


E 


D 


c 



■ X •Undt, genetaUj, lot the oentnrial flgnm. 
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To nm) TOB Sundat Letter (ob Letters}, bt Siuple Imsfbction, for akt 
Tear A. D., Old Style. 





Ccn 




«»,lb.C« 


urial Figu™ 


whsD the nra 


lul FifQcei 


Dflhe 


TbaYeuiot 






D»«. 


hj.Y.b«i.dro 


pprd. 









1 


2 


3 


4 


5 


e 




7 


8 


9 


10 




12 


13 




14 


15 


16 


17 


18 


19 


20 


Cratury 


21 


22 


23 


34 


26 


28 


27 


28 


29 


30 




32 


33 


34 




33 


3D 


37 


38 


39 


40 


41 




/^\ n 


l^\ , 


l^\ „ 


(^\ ■, 


(^\ 1 


^^^ K 


/■^\ ■ 




(t).-" 


\i)r' 


\V=^ 


{v=' 


[vr* 


Wr' 


{i}.=' 


00 








DO 


ED 


FE 


GF 


AO 


BA 


CB 


01 


33 


11 


as 


B 


C 


D 


E 


F 


G 


A 


03 


30 


6i 




A 


B 


C 


D 


E 


F 


O 




31 


S9 


87 


G 


A 


B 





D 


E 


F 


04 


32 


ao 




FE 


OF 


AG 


BA 


CB 


DC 


ED 


06 








D 


E 


F 


G 


A 


B 


C 


08 


34 


62 


«o 


C 


D 


E 


F 


G 


A 


B 


07 


3& 




«1 


B 


C 


D 


E 


F 


O 


A 


OS 


36 


84 


n 


AG 


BA 


CB 


DC 


£D 


FE 


GP 


09 


37 


as 


93 


F 





A 


B 


C 


D 


E 




38 


u 


94 


E 


F 


G 


A 


B 


C 


D 






07 


fls 


D 


E 


F 





A 


B 


C 




40 


83 


go 


CB 


DC 


ED 


FE 


OF 


AG 


BA 




it 


09 


fl7 


A 


B 


C 


D 


E 


F 







43 


70 


98 


G 


A 


B 


C 


D 




P 




43 


n 


89 


F 


O 


A 


B 


C 


D 


E 




44 


72 




ED 


FK 


GF 


AO 


BA 


CB 


DC 




46 


73 







D 


E 


P 


Q 


A 


B 




46 


74 




fi 


C 


D 


E 


F 


G 


A 




47 


7S 




A 


B 


C 


D 


E 


P 


O 


20 


48 


76 




OF 


AG 


BA 


CB 


DC 


ED 


FB 


ai 


49 


77 




E 


F 


G 


A 


B 


C 


D 


22 


60 


78 




D 


B 


F 


G 


A 




C 


23 


S\ 


79 




C 


D 


E 


F 





A 


B 


21 


62 


80 




BA 


CB 


DC 


ED 


FE 


OP 


AG 


2a 


63 


81 







A 


B 


C 


D 


£ 


F 


26 


6i 


82 




F 


G 


A 


B 


C 


D 


E 


27 


AS 


S3 




£ 


F 





A 


B 


C 


D 


!B 


66 


S4 




DC 


ED 


FE 


GF 


AG 


BA 


CB 



The piinoiple on vhioh the last two Tables ore oonstruoted is easily explained. 

In the first place, as seven Julian centuries contain exactly 25 Solar Cycles (25 x 28 
- 7 X 100), it follows that, after the lapse of seven complete oentuiies, January 1 will Ml 
m the same day of the week as it did the first of the seven oentories (') . For inBtanoe, in 
f2 
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the century-oolumn, oallmg the first eeuturj ot the Christian Era 0, and knowing (as we 
do) that the first day of that centtiry fell on Saturday, we have B for the Sunday Letter 
of A. D.I. Therefore, January 1, A. D. 701, alao fell on Saturday: bo did January 1, 
1401 ; and so on, tlu-ough the successive eycles of seven centuries. Similarly, aa Janu- 
ary 1, A. D. 1 = January I, B. c. 0, it results that January 1, 8. c. 700, 1400, &c., also 
fell on Saturday, and so through tho successive cycles of seven centuries B. c. 

Again, as 100 Julian years contain 36,525 days, = 5217 weeks, plus 6 days, it 
follows that, in any two consecutive centitrial years, the Ist of January in the one year 
will be 6 week-days apart from January 1 in the other ('). Accordingly, as January 1, 
A. D. 1, A. D. 701, &c., fell on Saturday, and as January 1, b. c. 0, b. c, 700, &c., also fell 
on Saturday, we find — reckoning the 6 days backicavds for the years b. c, and foricard* 
for the years a. d. — the centurial week-days and Sunday Letters as follows: — 



Jan. 1., 



. Sat., . 


. B 


100 . Sua., . 


. A 


200- Mon., . 


. G 


aOO.Tues., . 


. P 


400 . Wed., . 


. E 


500 . ThuTB., 


. D 


600 - Fri., . 


. C 


700 - Sat., . 


. B 



Jan. I, A. D. 



1 . Bat., . 


. B 


101 . Fri., . 


. 


201 . Tkiirs., 


. D 


301- Wed., . 


. E 


401 . Tues., . 


. F 


601 . Mon., . 


. 


601 . Sun., . 


. A 


701 . Sat., . 


. B 


4o. 





This being premised, the oonstraction of the Tables is obvious. 

The first four columns contain the successive years of each century, from 1 to 100. 
Each of the first three columns contains 28 numbers ; and the number in each horizontal 
line differs by 28 from the one preceding it. The seven following columns contain, each, 
the Sunday Letters of the centuries at the head of these columns respectively. For 
instance, column 5 contains all the Sunday Letters of the first century of our era 
from A. D. 1, to A, D. 100. Columa 6 contains the Sunday Letters of the seoond 
century, from a, D. 101, to a. d. 200, and so on. And since the cycles of seven 
centuries recur (as we have seen), the Tables exliibit all the possible cases ; that is to 
say, the Sunday Letters for any number of centuries b. c, and a. d., in the Julian 
Calendar, or Old Style. The general espressiona fy] =0, ( — J = I, &o., show to 
which of the seven centurial columns any century before b. c. 4100, or after a. d. 4100, 
is to be referred. For instance, suppose b. c. 6900, or a. d. 6900: we have (-=r ) = 6 : 
therefore 69 belongs to the last column (11). 
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(1). This recuirenoe cannot take place sooner than after the lapse of 700 yeaw, because 'W~'f'- 

and aa 20 and 7 are prime to each other, their least common multiplier is 173 ; and 4 x 173 = 700. 

(2). Or thuB ; — Let the Calendar I-otlerB A, B, . . . G, be denoted by the numbers 1, 2, ... 7. In 
100 yean there ore 3 Solar Cjcles, p!u$ 16 years: and in tbeae 16 years there are 20 regressions, =6; 
for I y ) = B. Therefore, if n be the number of any Calendar Letter of any oenturial year, the number 

of the some Calendar Letter the next oenturial year will be n - 6, = n 4 1, for 7 = 0. 

£.jf.— Given that the Sitiii/ay Letter of A. D. 1401 is B (2), then the Sunday Letter of a. d. 1501 
must be C {= 2 + 1). 

31. A few examples will show the mode of uaing these Tables. 
First, Table I., b. c. 

Ex. 1. Required the SuDday Letter of b. c. 98. Here we hare century 
(head of column 5) and year 98 (like 14) : these intersect in letter 
F, which is therefore the Sunday Letter sought. 

Ex. 2. B. c. 100 : A is the required Letter. 

Ex. 3. B.C. 1720: 17 is found in column 8, and 30 in line 20; these intersect in 
Letter C, which is the Letter required. 

Ex. 4. B.C. 6981: herel-^j =6; and therefore 69 is found in column 11: 81 

is found in line 25, and these intersect in FCr, which ore the Xvetters 
required. 
Secondly, Table IL 

Bequired the Sunday Letters of the same years, a. d. 

A. D. 98, Sunday Letter G-. 

A.D. 100 „ ED. 

A.D. 1720, „ CB. 

A.D. 6981, „ F. 

32. The Julian Sunday Letter for any year b. c. or a.d. may also be found, without 
the use of Tables, by a simple arithmetical rule, which is thus investigated : — 

In passing from one year to the next following year, the Sunday Letter retrogrades 
(Art. 24) one place, or two, according aa the former year is a Common or Leap-year. 
Consequently, in passing from A. D. 1 to a. d. 2 there is otic regression ; from a. d, 2 to 
A. D. 3, another regression ; and so on. Hence, if all years were Common ones, there 
would bo a- - i regressions in x years. But as each Leap-year causes two regressions, 
and as there are ( 7 J Bissextiles in x years, the additional number of regressions on 



38 THE CALENDAR. 

account of the Bissextiles is the integer contained in (7) . Consequently, the total 

number of regressions in * years, is ^ - 1 + ( ^ j . But this totnl number is oompOGed 

of recurring sets, or circulating groups, of seven ('). Hence, if we fix on any 
of the seven letters as the zero or starting point, and denote the other six letters, 
reckoned in retrograde order from it, by the nurabera 1, 2, 3, 4, 5, 6, we may omit all 
the complete groups of seven, and take account of the remaining letters only. In other 
words, we may divide the total number of regressions by 7 ; and the remainder, applied 
to the scale just described, will show the number of places which the required Sunday 
Letter has receded from the Letter fixed upon as the zero or starting point. Now, to 
Jiitd the darting point, it is sufficient for us to know the Sunday Letter of a. d. 1. But 
as we know that Jan. 1, a. d. 1, fell on Saturday, the Sunday Letter of that year was B 
(Art. 27). Hence, taking B as the zero or starting point, and numbering the seven 
Calendar Letters in retrograde order, thus — 

6 5 4 3 2 10 ^^j 



C D E F G A B, 



The 



we have the scale whereby to ascertain the Sunday Letter of any year x, a. d. 
following is the General Rule for finding the Sunday Letter for any year {x) a. d. : 

To the year-number add its fourth part, omitting fi-adious; subtract 1 from the sum: 
dit'idethe result by 7 ; and if there be no remainder, then B is the Sunday Letter: but if any 
number remain, then the Letter corresponding to that number in the annexed scale (vid. above) 
is the Sunday Letter. 



- M 



Thifl Rule may be thus briefly formulated, — X = 



: where L is the 



number of the Sunday Letter ; and f ~\ denotes the integer quotient arising from di- 
viding X by 4. 

If the year z be a Leap-year, the Letter fotmd by the scale is the second of the two 
Letters of the year ; because in the above calculation alt the Leap-years, and therefore 
all the regressions, are included. 

One or two examples will suifiee to illustrate this Bule ; — 

Ex. 1. Required the Sunday Letter of a. d. 325. 

Here we have X = 335; [t] = 81 ; therefore, f = 1 =6, which, applied to 

the scale, gives C for the required Letter. 
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Ex. 2. Eequired the Sunday Letters of a. d. 1500 (Leap-year). 

Here we have ( = ) = 5 = E, by the scale ; and as E is the second Letter 

of the year, the required Letters are ED. 

In the first Example the quotient of -=- is 57 ; showing that 57 complete cycles of the 

seven Letters had elapsed. And in the second Example, the quotient of ^ is 267, 

showing that 267 complete cycles had elapsed. 

It is easy to transform the numerical value of any Letter Z, calculated in the above 
scale, into its numerical value calculated in the natural scale 

A B D E F G ,^x 

12 3 4 5 6 7. ^ ^ 

For, comparing the values of each Letter in both scales, we see that the simi « 9. 
Let, then, v be the value of any Letter in scale (A), u its vcdue in scale (B) ; then 

«* + t? = 9, or, 

e. g. value of F in scale (-4) is 3 ; .*. in scale {B) it is 6. 

Again, B = in scale {A) ; .•. in scale (B), B = f — ;;— ] = 2. 



Hence, substituting the value of r, viz. i = V ^r / , we get 




value of Z in scale [B] = 7 - 



'*^ii-^ 







(1). A familiar illnstratioii of this circulating process is famished by a watch or clock. The zerO| or 
starting point, on the dial is XIT. In (say) a thousand hours after the hour-hand has passed that point, 
it will have arrived at IV., having made 83 complete revolutions, with four hours over. In short, 

(~12~) ~ ^* So, in the case before us, the seven Calendar Letters correspond to the twelve hours of the 
dial plate ; B to XII. ; A. to I. ; and so on, in retrograde order, until B is reached again. 
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33. It is not necessary to make a. d. 1 (Letter B) the zero or starting point of the 
scale. Any other year a. d., with its corresponding Sunday Letter, will do as well. 
Our Prayer Book takes A as the zero, in the small annexed Table which it gives for the 
finding of the Dominical or Sunday Letter, and which is numbered as follows : — 

6 6 4 3 2 10 

B C D E F G A ^' 

In this scale we see that B, the Sunday Letter of a.d. 1, is marked 6 ; that is to say, 

the Sunday Letter of a. d. 1 is six places behind the zero point. The Letter of a. d. 2 is, 

therefore, seven places behind : that of a. d. 3, eight places; and, generally, supposing all 

the years Common^ the Letter of a. d. x will have retrograded x + 5 places from A (the zero 

ix\ 
Letter). Adding [ j ] regressions for the Bissextile years, we find the total number of 

regressions fix)m zero Aiax years, ^ + { t ) +5; but 5 = 7-2; and, dividing by 7, 7 

may be dropped. Consequently the Bule for finding the Julian Sunday Letter, with 
the Prayer Book Scaky is the following : — 

Add to the year of our Lord its fourth party omitting fractions ; from the sum subtract 
the number 2 ; divide the result by 7 ; and if there be no remainder^ then A is the Sunday 
Letter. But if any number remain^ then the Letter corresponding to that number in the above 
scale is the Sunday Letter. 

The Eule may, as before, be thus formulated : — 

\4/«, 




because 5 = 7-2, and 7 may be omitted, in the division by 7. This number to be 
referred to the above scale, in order to ascertain the corresponding Letter. 
Ex. 1. Bequired the Sunday Letter of a. d. 325. 

Here we have f = ) =(-7-) = 5 = C. 

Ex. 2. Required the Sunday Letters of a. n. 1500 (Leap-year). Here 



/ 1500 + 375 - 2 \ ^ / 1876 \ 



= 4 = D: 



therefore the Letters are ED. 



% 
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There is another form in which we frequently meet the scale presented — yiz., hj 
ing Q as the lexo, or starting point, thns 

6 5 4 3 2 1 
A B D E F G; 

and it is easy to show, as above, that, with this scale. 



(2) 



r 



beoauBe 4 = 7-3; and 7 may be omitted. 

XI 1 oo« /325 + 81-3\ . ^ 
Ex, 1. A. D. 326 : ( = j =4 = 0. 

u^ o i/cAA /1500+375-3\ « ^ 
Ex. 2. A. D. 1500 : ( =, j = 3 = D. 

If the seven Calendar Letters be numbered oonseoutiyely in their direct order, thus, 

12 3 4 6 6 7 .gx 

A B C D E F G, ^ ' 

we see that the number of eaoh Letter in (3) is the complement to 7 of the same Letter 
in (2) ; $. jr., 

A (3) = 7 - A (2). 

Hence we get for L the following formula, which will be found of much use : — 



(4) 



d? + 1 +( J 

the scale being that of the natural order of the Calendar Letters from A . . . G. (*) 

This Bule may be at once extended to the years Be/ore Chriatf by means of the astro* 
nofnkal mode of numbering the years B. c. (Art. 21) : viz., calling the year next before 
A. D. 1 B. c. 0, instead of b. c. 1 — ^thus 

B.c 4 32 1 II 12 34, ... . A.D. 

In this way, since the year before a. d. was Leap-year, the Leap-years b. c. become 

G 
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r, diritling the total number of dinuuutitma into groups of bctgh, and making n = 2, we have 



r, putting the quantity x 



(») 



34. It is obvious that having found, in any of tiie abore-mentioned vajB, tlie Sun- 
day Letter for any year, and, therefore, the days of each montli on whioh Sunday falls, 
we get, at the same time, the dajs of each month ooirespondlng to all the other daye of 
the veek, respectively, and vice versa. 

Ex. 1. Eequirod the day of the week on which the 5th of April, a. d. 30, fell. We 
firat find that the Sunday Letter for that year waa A; which Latter, by 
the Table of Calendar Letters (Art. 23), belongs to April 2, Therefore 
the 5th of April fell on Wednesday. 
Ex. 2, Bequired the days of the week on whioh January 1, and April 1, a. d, 1068, 
respectively fell. Ilere we find the Sunday Letters to be F E. F he- 
longs to January 6 ; therefore January 1 fell on Tuesday. E belongs to 
June 1, therefore that day was Sunday. 
Ex. 3. Required the day of the week on which April 5, b. c. 30, fell. Here we find 
that the Sunday Letter was E ; which Letter belongs to April 6. There- 
fore the 5th of April fell on Saturday. 
For the above Examples use waa made of the Sunday Letter. But we can also solve 
the question directly, by finding, in the following way, the day of the week on which any 
given year begins. 

We have seen already that each suooeeding year begins one or two days later than 
its immediate predecessor, according as the latter is a Common or Leap-year. Hence 
the same formula will serve for the advances of the week-days as for the reijretsiom of the 
Sunday Letters. We know that January 1, a. d. 1, fell on Saturday (Sunday Letter B): 
therefore a. d. 2 fell on Sunday, and so on. Accordingly, in the scale {A), Art. 32, we 
may write the week-days thus, 

G F E D C 



B 


Sat. 



A 

1 

Sun. 



Mon. 



Tues. 
g2 



Wed. Thurs. Fri. 
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of doing so it this — that, the intercalation, if any, being already m&de, the geneial ejqiTewiion Kqiurci 
no alteration for Leap-years. The icale only requires a alight alteration. Since in i. d. 1, Jan. I wu 
SatnrdBy, Maroh 1 yna Tuesday, ConBcquently, taking Tuesday as the starting point, we get the 



Tue«. Wed. Thar. Fri. Sat. Sun. Mon. 
To this scale the same formula as in Art. 34 is to be applied, 
Ex. B«quired the day of the week on which Maruh 1 feU in a. d. ISOO (Leap-yeu). 

Herewehave 1500 + 375-1 = 1874, .-. C-~) =6- 

By the Male Sunday is the required day. The Calendar Letter of March I is D, and therefore D 
denote* all the Sundays for the rest of the year. 

35. It has now teen shown how the Sundai/ Letter for any year a. d. or n. c. may 
be found in the Julian Calendar. This investigation doea not exclusively oonoem the 
EooleBiaatical Calendar, hut equally belongs to the Civil, and is intimately connected 
with some chronological problems. Accordingly, before passing on to the subject of 
Easier, which does specially concern the Ecclesiastical Calendar, it may be well to indi- 
cate a few of the more important cases in which the results arrived at may be applied 
to the calculation of intervals of time. I have incidentally noticed some questions of 
this nature already ; but it will be useful to dwell a little more on the subject. It will 
be borne in mind that for the present I confine myself entirely to the Julian Calendar 
be/ore the Gri-gorian corrfction ; in other words, to Old Style. 

In determining the interval of time between any two assigned dates, it is important 
to attend to the following points ; — 

1. A date, whether it be a day or a year, denotes the day or year current, not elapicd : 
e.g., March 22 means that 21 days had elapsed, and that the 23nd was current ; 
A, D, 10 expresses that 9 years had elapsed, and that the 10th was current. 

2. In calculating the iitten-al defined by two given dates, the earlier day or year Is 
usually reckoned inclusively ; the later exclusively ; in other words, "from " is inclusive, 
*' to " is exclusive : e.g., the number of days/rom Jan. I to Feb. 1 is 31 ; the number of 
years /w» 1801 to 1874 is 73. 

But the opposite may he implied or expressed; that is to say, the earher day or year 
may be exclusive, the later one inclusive. When neither extreme is included, the interval 
is, of course, one less. 

3. The Civil day is reckoned as be^oning at midnight, and ending the following 
midnight. The Aslrononiical day begins at noon, and ends on the following noon ; and 
is therefore twelve hours behind the Civil day. 
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Bpecimena of tlie kind of questions referred to in tlie last 



36. The following 
Article. 

(a). Soto to find the numbtr of days elapsed from any given day of the year to any other given 
day of the same year. 

This question baa been already answered, Art. 11, and Art. 23. 
[b). To find the number of days elapsedfrom the first of Jan., a. d. 1, to the Ist of Jan., 

A. D. Z. 

IfoUtheyean'were Common, the numberofdajBwouId be (r-1). 365. The additional 
number, due to the Leap-year, is ( — — j • 
Therefore, the total number of days {D) ib 

2).{.-l).365+(^)_. (1) 

Ex. Bequired the number of A&ysfrom Jan. 1, a. d, 1, to Jan. 1, a. d. 1401, 
Here we have 1400 x 365 + (^^) = 511, 350. 

(c). To find the number of days from any giren day, a. d. 1, to any given day, a. d. x. 

First, find (by (i)) the number of days /cohi the given date, a. d. 1, to the sameiaie, 
A. D. X ; and then find (as in (tr)} the number of days &om the latter to the given date 
that year. 

Ex. 1. rind the number of days /row April 10, a. d. 1, to August 4, a. d. 441. 

Firrt, we have from April 10, a. d. 1, to April 10, a. d. 441 (= Jan. 1, a. d. 1, to 

Jan. 1, 441), the number of days = 440 x 365 4 (^\ = 160, 710 ; 

and (by Table II., Art. 11, or Table Art. 23) from April 10 to Aug. 4 there are 116 
days (216 - 100). 

Hence, the number of days required = 160,826. 

Ex. 3. Required the number of days from April 10, a. d. 1, to August 4, a. d. 444. 

Here we must add 1 on account of the Leap-year, because the general formula in (i) 
extends only to Jan. 1, 444. Hence, from April 10, a. d. 1, to April 10, a. d. 444 
( = from Jan. 1, a.d. 1, to Jan. 1, a. d. 444, plus 1) we get 

443 + (^\ + 1 = 161,806 

and from April 10 to Aug. 4, = 116 



Total, 



161,922 days. 
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(d). Required the number of days from Jan. 1, a. d. ar, to Jan. 1, a. d. x\ By the for- 
mula (1) we have 

and If^{?!' 1). 365 + (^^) • 

Theref oie, Bubtraoidng D from 2X, we get 

ly - D = (*^ - ir) X 365 + (^^) • (2) 

But in certain cases, viz., whenf — j — j < ( — r— ) » ^^ ^^ *^^ ^ ^ *^ result 

(Art. 87, note 2)- 

Ex. 1. Bequired the number of days from Jan. 1, 100, to Jan. 1, 1500. 

Here we have' J -x^ 1400 ; and 1400 x 365 » 611,000 

511,350 days. 

Ex. 2. No. of days from Jan. 1, 100, to Jan. 1, 1501. 

Here the correction of 1 comes in, and interval » 511,716. 
(«). Find the number of days from any given day^ a. d. », to any other given day^ A. d. a^. 

Let a be the number of the former day, and cf that of the latter. Then L becomes 
D'\' a\ and 2X becomes Lf -\- cf: and formula (2) becomes 

2/ - D = (a?' - «) X 365 f (^^) +«'-«[+ 1]. (3) 

The number 1 within the last bracket is only to be added when f — j— j <( -"4— ) • 

There are three cases to be considered, 
(a), e/ B a: in this case, the number of days is given by formula (2). 

Ex. The number of days firom Jan. 10, a. d. 100, to Jan. 10, a. d. 1500, or as above, 
« 511,350. 
iff). €l>a. 

Ex. Bequired the number of days from Jan. 6, a. d. 1001, to Sept. 26, a. d. 1500. 
From Jan. 6 to Jan. 6 (« Jan. 1 to Jan. 1), . . . . 511,350 days. 
From Jan. 1 to Sept. 26 (Leap-year), by Table Art. 23, + 264 

«' - a = 264. Total, . . 511,614 days. 
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Ex. Bequired the number of days from Nov. 1, a. d. 400, to March 25, a. d. 1204. 
Here we have a^ - « = 804. 



Hence, 804 x 365 + (~\ = 293,661 days. 



ej' = 85 (Leap-year), 
a = 306 ( „ ). 



fl^ - a = - 221 . . . . - 221 



The number of days sought = 293,440 
(S). Find the number of days from Nov. 1, a. d. 400, to March 25, a. d. 1205. 

Here ( — j— ) < ( — j— ) > and we therefore add unity to the result we should ether- 
ise obtam. So interval = 805,365 + (-j-^ + 1 + 84 - 306 = 293,805 days- 



wise 



37. Let us next consider the years be/ore Christ. 

Let a; be the Chronologer's number (Art. 21) of any year b. c. It is easy to show 

that the number of Leap-years corresponding to :r is (— v— ) • For as b. c. 1 is a 

Leap-year, and each preceding group of four years gives a Leap-year, it follows that 

the total number of Leap-years = 1 + f-x" ) " \'^Z^ ) * 

Now, supposing all the years b. c. to be Common^ the number of days in x 
years would be x. 365 : the number of Leap-years we have just seen to be » 

i—T- ) t therefore the total number of days/rom b.c. x to Jan. 1, a. d. 1, is 

^ X 365 + fc-) . (1) 

Ex. Bequired the number of days from Jan. 1, b. c. 601, to the first day of the 
Christian Era. 

Here we have 501 x 365 + f -^ j - 182,991 days. 

Hence, we can find the number of days from Jan. 1, b. c. o^, to Jan. 1, b. c. x (o^ 
being the greater). 
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As in Art. 36, we have 

iy-D^{x' -x) 365 + (^-^) [+ 1], (2) 

tlie number 1 within brackets to be added only when ( — -t-t- j < [ j (Art. 87, 

Note 2). 

Ex. Find the number of days from Jan. 1, b. c. 100, to Jan. 1, b. c. 8. 

Here we have x - x = 92, and therefore 

ly - D = 92 X 365 + 23 = 33,603 days. 

To find the nimiber of days from any given day b. c. x to any given day b. c. x. 
Let a and a be the numbers of the given days, respectively : then we have, as in Art. 
36 (3), 

ly - D^[x' - x) 365 + (^^) + a' - a [+ 1], (3) 

the additional unit to be included only 'when ( . ] < ( —— ) . 

38. We can now find the number of days between Jan. 1, b. c. o?, and Jan. 1, 
A. D. y. 

The number of days/ro;n Jan. 1, b. c. a?, to Jan. 1, a. d. 1, is (Art. 37 (1)) 

2) = a-.365 + (^^^ 

and the number of days /ro/n Jan. 1, a. d. 1, to Jan. 1, a. d. y, is (Art. 36 (1)) 

Zy = (y - 1) 365 + (^)^. 
Hence, the required number of days is 

i) + 2/ = (;r + y - 1) . 365 + {^-^\ + (-4-)- ^1) 

Consequently, we get this rule : — From the sum of the years b. c. and a. d. deduct 1 ; 
multiply the result by 365; find the quotients ariaing^ respectively ^ from dividing by 4 the 
nutneral of the year b. c. increased by 3, and the numeral of the year a. d. diminished by 1 ; 
add these quotients to the result previously obtained. 

Ex. Eequired the nimiber of days from Jan. 1, b. c. 1586, to Jan. 1, a. d. 70. 

Here we have (1586 + 70-1). 365 + 0^) + (^j) = 604,489 days. 

Similarly, we can find the nimiber of days from any date (a) b. c. x, to any date 
(fl'), A. D. y. Here JO becomes D - a; and 1/ becomes U -^d \ therefore, 

2> + 2y=(a. + y-l)365+(-t^) "^ (~i^) "^ ^' " "*• ^^^ 

H 
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Ex. 1. Required the number of days /row April 10, b. c. 1586, to Aug. 4, a. d. 70. 
We have, as already found, from Jan. 1 to Jan. 1, 604,489 days. 

a = Auffust 4, . . . 216 days) . - - ^ 

A 1 in inn "^ .'. a^ - « = 116 

a = April 10, . % . 100 „ ) 

Total, . . . 604,605 days. 
Ex. 2. Find the number of days between the epoch of the Era of the Seleuoida) 
(Oct. 1, B. c. 312) and the epoch of the Era of the Hejirah (July 15, a. d. 622). 
Here we have (^r + y - 1) x 365 = 933 x 365 = 340,545 days. 

/315\. 

621 



78 



- loo 



340,778 days. 
Both the given years are Common : therefore, 

(a) October 1 = 274 days. 
(«') July 15 = 196 „ 

Therefore o' - a . . . = - 78 



Total number of days sought = 340,700 days, 
agreeing with what we have already found, Art. 21, Note 2. 

39. The calculation of intervals of time may also be easily effected by the following 
method, based on the Julian Quadriennium, or period of four years, which contains 1491 
days (365 x 3 -f 366). 

The method is as follows : — Divide the number of years in the given interval by 4. 
Let Q be the quotient, and It the remainder. Then Q will show the number of complete 
quadriennia of 1461 days each, and B will be the residual years, which cannot exceed 
three. 

These residual years may be all Common, but only one can be a Leap-year. The total 
number of days in Q + It will be the number of days from Jan. 1 of the first given year 
to Jan. 1 of the second given year. 
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Before showing by examples the application of this method, it will be well to pre- 
mise the following Tables. 



1 Quadricnnium = 1,461 days. 

2 „ = 2,922 „ 

3 „ = 4,883 „ 

4 „ = 5,844 „ 

5 „ = 7,305 „ 

6 „ = 8,766 „ 


7 

8 

9 

10 

11 
12 


Quadriennium = 10,227 days. 
,, = 11,688 ,, 1 
= 13,149 „ 
= 14,610 „ 
= 16,071 „ 
= 17,532 „ 


2 Common years = 730 ,, 

3 ,. „ = 1,095 „ 


1 
2 


Com. 1 Biss. = 731 ,, 
Com. 1 Biss. = 1,096 „ 



Ex. 1. Required the number of days from July 9, b. c. 588, to Nov. 17, a.d. 70. 
From July 9, b. c. 588, to July 9, a. d. 70, there are 657 years = 164 quadriennia jt?/t/9 1 
Common year (a. d. 69). 

164 quadr. = 239,604 days. 
1 year = 365 

239,969 
From July 9 to Nov. 17 = 131 

Total, . . 240,100 days. 
Ex. 2. Eequired the number of days/rtw/i April 10, b.c. 1586, to Aug. 4, a. d. 70. 
Here we have from April 10 to April 10, an interval of 1655 years, = 413 quadr., jo/t^ 
3 years, of which one (a. d. 68) is Bissextile. 
Hence, we have 

413 quadr. = 603,393 days. 
3 years (1 Biss.) = 1,096 

April 10 to Aug. 4 = 116 



Total, 



• • 



604,605 days. 



as found before (Art. 38). 



40. I now proceed to show how Easter Simday, in particular, as the centre of the group 
of Moveable Feasts depending on it, is foimd in any given year. I shall not here stop 
to discuss the old and long-debated questions relative to what is known as the '' Easter 
Controversy " ; nor shall I examine in detail the various steps by which the Christian 
Church finally arrived at a universal agreement respecting the mode in which EastcT 
Day should be determined. These subordinate questions I have dealt with in an Appen- 

h2 
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dix. At present I shall content myself with merely glancing at euoh points as are 
necessary for the clear understanding of the auhjeot immediately before us. 

The determination of Easter involves, by the very terms of its definition, the conside- 
ration of the Lunar, as well as that of the Solar, year. The Lunar year consists of 12 
Lunar sijnodie months ; each month being the interval between two eonseoutive conjunc- 
tions or oppositions of the Sun and Moon ; in other words, between one New Moon and 
the next, or one Full Moon and the nest. The synodic month is not of invariable length. 
Its mean length, with which alone we are concerned ('), is 29'' IS*" 44" 2'87*, or, reduced 
to decimals, 29'530588715 days. Thia is called a mean Xhhh/ /oh. Before its exact length 
was ascertained, it was reckoned as 29^ days (nearly 44"" 3' too little). But as fractional 
measures of time are unsuited to the ordinary piirposes of life, it was ustial among the 
nations who made use of the Moon as a measure of time to reckon the Lunar month aa 
containing 29 and 30 days atternaMy. But neither the approximate mean month of 29J 
days, nor the true mean month, is an exact measure of the mean Solar, or Tropical, year. 
Twelve Lunar months, of 29 and 30 days, alternately, amount to 304 days ; which fall 
short of a Common Jidian year by 11 days. And 12 true mean Lunations amount to 
354-367064 days ; falhng short of a mean Tropical year (365-242216) by 10-875152 
days. This incoramensurahility between the Lunar and the Solar years has rendered it 
necessary to adjust them, as nearly as possible, by means of ci/i^les, as shall he presently 
shown. 



(1), It must bo borne in mind, generally, ttint in nil the Church's reckoning respecting Moveable 
Feuats, it ifl not the real motions of the Sun that are made ^xae of, hnt the tnenn motiuns ; and, in the ohm 
of the Moon, certain cyclei have been alwaj-a employed, as we Bholl see further on. The real motions uf 
these luminaries, being variablo, and also difficult t/i ascertain with perfect accuracy, have not been em- 
ployed by the Church for the lixing of her Festivals, Even if perfect Bstronomicfil tables could be con- 
structed, still, on account of the difference of meridians, the exact determination of the true motions of th* 
Sun and Moon would be totally useless for ensuring the uniform observance of Easter Day. In fact, unlets 
some one " Easter Meridian " wore agreed on by the whole Christian world, the simultaneous observance of 
an attraiinmically e.iBct Easter would be impossible. Suppone, for example, that in the meridian of 
London, an nelronomicil Full Moon were to fall very early in the morning of Saturday, Uaruh 21, then 
the neit day would be Easter Day for all places on that meridian. liut that same Full Moon would, in 
places sufficiently to the west of London, happen on. Friday night, March 20 ; and, therefore, in those 
plaoes it would not be the Paschal Moon at all, since the Paaehal Pull Moon must fall on or after March 21 . 
Claviua, who clearly saw all this (vid. Calond. Roman, pp. 77, 389, 566), accordingly emphatically declares 
that the Church is not tied, and never was, to the true motions of the Sun and Moon ; and that it is suffi- 
cient for hor purpose if she can approiimate, jiingtii quadam MineroS, to the motions of those bodies, pro- 
vided she does not recede much from their true motions. — Vid. more on this subject below, Arts. 44 and 
IM. 
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41. The Conditions fou determining Easter Day, as luid down in the old Church 
Calendar, and which still remain unchanged, are the four following ('): — 
I. It inuft be kepi on Sinidai/. 

This Rule was in direct opposition to the Quartodeoimans, who kept Easter on 
the third day after tho 14th of the Jewish month Nisan (inclusive), what- 
ever day of tho week it miglit tall upon. This Rule was established in the 
Roman Church as early, at least, as the middle of the second century {'). 
n. (it) Thia Sunday mmt he the rierl after the Wth day of the Paschal Moon, nrkoiied 
from the day of the New Moon (') inclmite. 
{b) If the Wth day should ha/ypen to be Sutidiiy, then Easter mmt not be kept until 
thefoUoieing Sunday. 
This Rule also was established in the early Roman Churoh. Pope Victor, at 
the close of tho second century, states it as a fundamental principle in the ob- 
servance of Easter {'). 
III. The Pam-hal Moon is that Calendar Moon whose lith day falls on, or iirj-t fofloirt, 
the day of the Vernal Equinox. 
The month in which this takes place was called (the Jewish phraseology being 
retained) the Fir^t Month. 
TV. The '21st of March is to be taken as the inmriable day of the Vernal Equinox [*). 
The above conditions are briefly summed up in The Definition of Eastbk given 
iH THB Roman Breviary: — " Ex decreto sacri Concilii Nicoani, Pascha, ex quo rcliqua 
Festa MobiUa pendent, celebrari debet die Dominico qui proximo suocedit xiv, Lunee 
primi mensia; is ver6 apud Hebrteos voeatiir primus mensis cujua xiv. LunoB vel cadit in 
diem Yenii Equinoetii, quod die 21 mensis Martii contingit, vel propius ipsum sequi- 

to."(') 

(1). The authority of the General Council of Nicwa is claimed for thew: Itulos. but rid. Ajuiendix. 

(3). Vid. Appendix. 

(3). Vid. Appendix. 

(4). This Ride was regarded as essential, in order to prevent Euster from being kept either he- 
fore the duy of the Jewish Passover (which would be absurd, as putting; the IteBUrrection Day before 
the Passion Dity), or om the Passover Day— a coinoidence which the prejudioes of the Christians against 
the Jews would not tolerote. But it must be remembered that the New Moon intended by Pope Victor, 
uid by the Nicenc Fathers, was most probably the real New Moon ; or, if it were the New Moon of a 
lycie, it was not that of the niHelccn-year cycle, which was not finally adopted by the Church for 
the regulation of Easter until long after. 

(3), It was deemed essential that Easter should be celebrated either at the actual Full Moon, or after it, 
but nrver before, lest the ctlehmtion should take place, not in iiieftrst month, but in the tail of the prcced- 
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ing year.— ViJ. also Note 3 to Art. 80. It is curious to find the Christian Church holding so fast to the 
Jewish Jirit monlh, while, at the aome time, it took sueh poiuB that Easter should not fall on the same Aay 
B9 the Jewish Passover, As the Jews kept their Passover, and the Qua rtodeoi mans their East«r, on the 
Hth day of the real Moon— that is, the day before the actual Full Moon — the great object of the Easter 
Rules was to prevent Easter being kept either before the Jewish Passover (which would bo absurd), or on 
the Passover Day. Provide*! this point were gained, there was no objection to Easter b«ing kept on the day 
of the actual Fidl Moon ; on the contrary, the tooner it waa kept afUr the Passover Day, the better. — Vid. 
De Morgan, p. IM. Neither oould Easter he legitimately eelebrated in the tecond month, i'. e. the month 
whose real Full Moon was the »econd after the Equinox. Nevertheless, both these irregularities ocourred 
(roqnenlly, though tmavoidably, under the Old Calendar, when the Paschal Moons were regulated by the 
Golden Numbers. In the Reformed Oregorian Calendar, in which Epacts are substituted for the Golden 
Numbers of the Old Calendar, the irregularity in question, though not rendered absolutely imposuble, 
can very rarely occur. 

(G). This was the date calculated or assumed for the Vernal Equinox in the year 325 a. d., by those 
who finally settled the Easter qnestion. According to Delambre's Solar Tables, the foUoiving are the re- 
speetive dates of the Temal Equinox for the three important Chronological Eras — the Introdnctiun of the 
Julian Calendar, the Niccna Council, and the Gregorian Iteformation; — 

45 B. March 23, about 5 a. m. . The hours are for the 

325*. D., 20, „ 2r. M. ! Meridian of Berlin 

1582 A. D., . . . . ,1 11, ,, 1a.m.) and Rome. 



42. It must be carefully borne in mind that the Equinox intended in these Easter 
Canons is not the true Equinox, but what may be called, in contradiBtinotion fo it, the 
Ecclesiastical or Calendar Equinox {fid. Clavius, cap. v. § 13). The tmo, or actiMl Equi- 
nox, cannot bo fixed to a single day (March 21), because, in consequence of the Bissextile 
year it nccesanrily ribrates between two days. It is easy to see the reason of this. For, 
assuming (in accordance with the Copemical Solar Tables) that, in the year 324 a. d., 
the true Equinox foU on March 21, about uoon; then, as the Common year of 365 days 
ia nearly 6 hours too sbort, the Equinox would fall the next year (325) about 6 p. m. ; 
the following year (326) about midnight; the third year (327} about 6 a. m., March 22 ; 
and the fourth year (328) about noon again. But this fourth year being again Lenp- 
year, the effect of the intercalary day in Febi-uary was to bring everything after the 
interoalation a nominal day earlier; so that the actual Equinox in the year 328 was 
again nearly restored to the noon of March 21 ; and the same process of alternation from 
March 21 to 22 would be repeated the next four years, and so on continuously, if the 
length of the Julian year had been rigidly exact. 

Hence it is evident that the " Vernal Equinox " in Rule III. must mean the Calendar 
Equinox, not the actual. Otherwise, whenever, on a third year after Bissextile, the 14th 
day of a Calendar Moon happened to fall on March 21 (which it always did when the 
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Golden Number of the year was XVI.), that fourteenth Moon would not be a Paschal 
Moon, as happening before the true Equinox (March 22) ; and would not become so until 
the following month. With rospect to the ti-ufi Equinox, the fourteenth Moon in question 
would belong, not to the _^rst month, but the hat of the preceding year. But the 
Church always regarded it as the Paschal Moon, inasmuch as it fell on March 21, and 
Easter was accordingly celebrated on that last month, and not on the following, 
which, in reference to the true Equinox, was thefr/it month of the new year, llenoe it 
Lb evident the Equinox intended in Rule III. was the Calendar Equinox, fixed to a single 
day (March 21), and not the true Equinox, which necessarily vibrates between two days. 
The ancient computiats were, no doubt, well aware of this vibration ; and that, in fixing 
the Calendar Equinox to March 21, Easter must, in the case referred to, be celebrated in 
the hut month. But the main object of the Church of the Nicene age being that Easter 
should be celebrated, all over the Christian world, on one and the same day of the year, 
it was resolved to secure this object by fixing the Ecclesiastical Equinox to a single day 
(March 21), even though this day might precede or follow the true Equinox by a short 
interval, and so. in reference to the true Equinox, Easter might be celebrated in the Imt 
or xecoud month of the year, instead of the fird. 

43. In what has just been said we have assumed that the true Equinox, at the date 
of the Nicene Council, fell on March 21 ; and we have seen that the ^xiiig of the Equi- 
nox (Rule rV.) to this date necessarily gave occasion to the celebratiou of Eastor, in a 
certain contingency, in the last month instead of the fm/. We have next to consider 
what the result was, supposing that the iriic Equinox fell (as according to Delambre's Solar 
Tables it did actually fall) a. d. 334, on March 20, at 8 a. m. The following year (325) 
it fell about 2 f. m. ; the next year (326), about 8 f. m. ; the third year (327J, about 
2 A, M., March 21 ; and the fourth year (328), about noon again. But, as already 
explained, the effect of the Bissextile day was to restore the Equinox, this fourth year, to 
the place which it occupied four years before — viz., 8 a. m., March 20. This vibration 
between March 20 and 21 would go on regularly, if the Julian year were exact. In 
tiiis ease, the effect of fixing the Eccksia^tical Equinox to March 21 necessarily would be 
that, whenever a fourteenth day of the Moon, in a Bissextile year, or either of the two 
years after it, i'ell on March 20, Easter was kept in the second mouth; because, although 
that fourteenth Moon was a true Paschal Moon in reference to the actual Equinox 
(March 20), yet the Church did not consider it such, inasmuch as it preceded the Ecclesi- 
astical Equinox (March 21) ; and, therefore, Easter was not kept until the next four- 
teenth Moon, that is to say, until the second month of the year in relation to the true 
Equinox. In (he Old Calendar, care was token that no fourteenth Moon should ever fall 
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on March 20, by not affixing any Golden Number to Marob 7. But in the Gregorian 
Calendar the case in question ariseB whenever the Epaet of the year is 24 ; because this 
Epact belongs to March 7, and the fourteenth day, reckoned from it inolusively, is 
March 20. But when ,thia occurs, the Church's practice, in ^accordance with Rules III. 
and IV., is to keep Easter the following month. 

44, The general result of all this is, that the Church's decrees respecting the depen- 
dence of Eiister on the Vernal Equinox are to be understood of the Efclfsiaslii-fil Equi- 
nox, fixed to March 21, and not of the true Equinox, which vibrates between two days : 
the former is to be always observed, even though the true Equinox may precede or 
follow it, provision being made so that the divergence between them shall be small ('). 

It is obvious also (as De Morgan observes, p. 13) that tliis source of occasional in- 
accuracy in the determination o( Easter, arising from the vibration of the Equinox, 
would still exist even if the Moon of the Calendar were the actual Moon of the heavens, 
which it is not. For, if a fourteenth day of the actual Moon were to fall on March 21, 
at a time *hon the true Equinox falls on March 22, that fourteenth would be held to be 
the Paschal fourteenth, and Easter Day would be the following Sunday, even though 
the fourteenth Moon tell before the Equinox. Hence a difference of a whole Lunar 
month would be occasioned in the time of celebrating Easter. 

(1). The fuUowing passage of Clavius (cap. v. 5§ 12, 13) is worthy of quoting ia coaneiiun with ths 
subject of tho above section : — " Ei his Iiquido apporet, novum Don case in Eccleaio, ut Paacbn vol in ul- 
timo nicnsc, vol in sccundo cclebrctur, propter j?X[uinoctium uni diet afBxum, quod duos dies postulat. 
Kequo vero in hoc Koclcaia a Deorelis Fatrani ct Concilii Nica^ni discedere putanda est: quia Decreta ilia 
non ita severe occipienda sunt ut velint Eoclesiam ex tabulis astronomicis .^uinoctium debere eiplontre; 
sed ita solum sunt intelligenda ut Eoclosiam pnncipiaat in PaschiD celebratione observared ebero diem 
.£quinoatio asoriptum, licet noonunquam .<£<{uinoDtium antecedat ilium diem, vel subscquatur, dummodo 
ncm long« ab co recedat. Quoeirca recte diei (wtest .^luinoctium duubus modis accipi posse ; una, prout 
vcre in rei'um uatura exiatit, et ab aatrunuinis coDsidcratur; alio, prout in Culcndario nfiigituT ad c(?rtum 
sliqnem diem, et ub Ecclesia od Paseha rile cdebrandum adliibotur. Illud Bstronomicum, sive verum; 
hoc ecclpsiasticum, sivc poHticum, dicatur, Et quamvis eecleaiDstieum hoc ^quinoctium debeat ad 
astronomicum illnd ac verum quantum fieri potest referri, juatas (amen ob oausas potest unum ab altera 
disoropare, Justiasimit autcm causa quarc ooclesiasticum ^quinoctium a natunUi ac voro interdum diifr- 
r»X est conoordia fldelium alque consensus, propter quern Eocleaia jJiquinoctium unico diei ascripsit, ut 
nimirum in orbo Cbristiano universo eodem die conjunctis nnimii Socroaanctum Paachce diem ouiaes 3gi- 
tsrent; quse aane ooncordia vix, et ne vix quidem, retineri posset, si .^quinoctium, habit4 ratione veri 
motua, ad duos aut etiam plurcs dies iilllgaretur. Itaque si casu aliquo detrimentum accipiendum sit vel 
in H^i^uinoctio motuque Luna?, vel in ooncordia lidelium, eioptet magls, Pascha eodem die ab omnibus oele- 
brari, etiamai non perfect^ .^uinootium cursusquo Louts teneatiir. qunm vel minimam consensjonen fide- 
]ium in eo celebraodo dirimi aut perturbori." 
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45. It must also be carefully observed (aa above intimated} that the Moon, whose 14th 
day ia spoken of in the above Rules, k not the real Moon ; nor yet the mean Moon of 
astronomers, but the Jictitious Moon of the Lunar Cycle, to which the name " Ecclesias- 
tical," or "Calendar," has been given ('). The age of this Calendar Moon does not 
usually coincide with that of tlie real, or even the mean. Moon ; but the difference does 
not exceed a certain limit. The Calendar Full Moon may differ as much as two, or even 
three days from the real Full Moon, but not more. Clavius expressly says (cap. sviii., 
S4) that a Lunar Cycle muat be selected such that the 14th of the Calendar Moon given 
by it shall not precede the mean Pull Moon by more than one day, or fall more than two 
days after it. There is no objection whatever against the Calendar Fidl Moon falling 
wi the same day as the real or mean Full Moon. 

(1). r«& Art. W, Note, 

46. The conditions for determiuiug Easter involve, as already observed (Art, 40), 
both the Solar and Lunar years. That Easter Day must he a Sunday, and one subse- 
quent to the Vernal Equinox, involves the consideration of the Solar year ; while the 
relation which that Sunday must bear to the Calendar Moon's age introduces the Lunar 
month and year as a necessary element in the caloidation. Now, the Solar year and the 
Lunar synodic month, or Lunation, are (Art. 40} incommensurable quantities ; and so, 
of course, are also the Solar year, and the Lunar year, which contains twelve Lunations. 
For facility of calculation it became necessary to find some convenient approj-imale com- 
mon measure of those incommensurable quantities, the Solar and Lunar year. The 
problem to be solved was to find an integer number of Solar years, such that, supposing 
the Sun and Moon to be in conjunction {New Moon), or in opposition (Full Moon), at 
any epoch, they shall be q.p. in conjunction or opposition again, after the lapse of that 
number of years. Several such intervals of time, or cycles, as they were called, were 
discovered in ancient times, and were made use of for the determination of Easter ('), 
But the most famous of all, combining at once great exactness with practical oonveni- 
ence, was the nineteen-year cycle {lvviaKoi^tKaiTi\fi\^), discovered by Melon, a celebrated 
Athenian astronomer, about the year ii. c. 433, and which was called from him the 
Metouic Cycle. Some have thought that the discovery of this cycle is not due to Meton, 
but that he merely learnt it in Egypt, whither most of the early Greek philosophers 
repaired to study the sciences, especially astronomy {']. However this may be, the cycle 
was publicly adopted "at Athens in the year 433. It embodied the beautiful discovery 
that in 19 Solar years (of 365^ days, each} there are almost exactly 235 actual Luna- 
tions; so that after the completion of every successive cycle of 19 years, the New 
Moons (and, therefore, all the other phases) recur in the same order, on the same days 
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of the moQtli, and very uearly at the same lioura of tlie day, as they did 19 yoors before. 
Thus, if 1, 2, 3, . , . 19 denote the successive yeara of any cycle, and 1', 2', 3' ... IS* 
the corresponding years of the next [or, of any preceding or succeeding) cycle, that 
the New Moona of year 1' will fall on the same mouth-days, and very nearly at the Game 
hour, as those of 1 ; and the same will liold good of 2' and 2, 3' and 3, and so on. 
It is obyious that if a Table be constructed showing the month-days on which the 
BucceBsive New Moons fall during any cycle of 19 years, that Table will serve, without 
any further trouble, to determine the New Moons for all precluding and succeeding 
cycles. And the same, of course, is true of the Full Moon. To find the New (or Full) 
Moona in any given year of any cycle, it would be sufficient merely to look at those of 
the corresponding year in the Table, This great discovery excited such admiration and 
enthusiasm at Athens, that Melon himself was honoured with au Olympic crown {') ; 
and the successive years of tlie cycle, with the dates of the Full Moons corresponding to 
each year, in the Table or Canon constructed by him, were ordered to bo inscribed in 
characters of gold upon the walls of the Temple of Minerva, and (it is said) on other 
public monmnents also ; and when this cycle was finally adopted, with certain modifica- 
tions, by the Christian Church, for the dt-termi nation of Easter, the old practice was 
continued, of writing the 19 consecutive years of the cycle in gQt characters, in the 
Media3val Church Calendars. Henee the origin of the name Golden Numbers ['), 

(1). Such oydea were the SicratTnpls, or eight-year cycle, of ClcoBtratus (uiU Ideler, i., 294 ; ii., 605J ; 
the >»8«ntTijplt. or twelve-ypar cyole, of the Cbtildeana (Meier, i., 301) ; the *ititBiB«iiinTiiptf, or Buteen- 
yent cycle, of Hippo lytus [Idekr, ii,, 213); the J<iKttn^!Dfiii«o«'otTiiplj, or Heventy-sis-j-ear period, of 
CallippuB CWe/rr, i., 29*); tho eighty- foui-year cyole of the anoieut Jews {Ideler, i., 671); the ninety- 
five-year cycle of CjTiU [Idekr, ii.. 238). 

(2). I.aplaco (Syateme du Monde, p. 363) claims tho discovery of this cycle for the Chinese, sixteen 
eeuturiea before Meton'u time! and Ituilly also [Iliat. de t'AslTun. Anc,) says that the oycle m* 
known to them and tho Indians long prior to Melon's ag¥. The modern Chinese use this cycle; bat 
there is no evidence for the aascrtion that they knew it 2000 years before Christ. Ideler (i., 313 ; ii., 
608) has aucceaafully lindicated the first diaooVBry of the oycle to the Athenian philosopher (Handb. 
vol. i..313; vol. ii.. G08). 

(3). It is a oarious fact that Aristophanes ridiouled him (in the Comedy of the " Birds," rr, 901, (jjO 
OS a person whose head was filled with ull kinds of fantastic and useless speculations. 

(4.) This expreiisioii originated in the Uiddlo Ages, and probably after Bcde's time, as he makes no 
mention of it. Vid. IMer, ii., 1D7, N. 



47. The Limaj a3aiodio month was known to consist of 29^^ days, plus a small fcao- 
tion of a day. Accordingly, in order to apply Metou's discovery to the constniotion of 
such a Table as that just described, it was necessary to aubstiliite for the 235 actual 
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Lunations the name imm/icr of Ciikm/ar months, eai'h consisting of an integer nmn'ber of 
days, and varying but little from the actual length of a Liination ; and, moreover, such 
that the whole 235 would, as -nearly as possible, be equal to 6939^ days. There is some 
diversity of opinion among modem writers on Chronology respecting the exact method 
adopted by Meton in the construction of hia Calendar, arising from the scantiness of the 
information handed down to us by the ancient writers, Censorinus and Geminus, on the 
Bubject. The following is, substantially, the view given by Ideler (i., 325, sqr/.), and 
which is now generally accepted. The number of days in the cycle of 19 years was 
assumed to be C940. If all the 235 mouths were/ull {= 30 days), the number of days 
would amount to 7050, being UO too many. In order, therefore, to get rid of this sur- 
plus numl>er, he made UU of the 2.35 months lio/low {= 29 days) ('). And, further, with 
a view to distribute these hollow months equally throughout the oyole, he divided the 
7050 days by 110. The nearest integer quotient is 64 ; denoting that every 64th day, 
reokoning from the beginning, must be dropped out, or exftnpled {riiifpai i^aipiaifiai) (') ; 
and as the ratio of 125 to UO is nearly the same as that of 17 to 15, it follows that in 
every 32 months there must be 17 full and 15 hollow ones. Hence Moton's Canon or 
Table began with a fidl month ; then followed full and hollow months, alternately, 
eight times m succession ; after whieh came a full montH, followed by a series ot 
seven full and hollow mouths, alternately ; and so on throughout, to the end of the 
oyole{'). 

(I). The Calendar mooths ot 30 days were calleA fall {irntpttt, pleni) ; those of 29 dflyB were called 
lialliiv (Koi\oi, fnci), 

^2). Dodwell maintnins that every SSrd duy was exeinplire ,- and this seema to have been the opinion 
ol Delnmbre also, who aaya that (i940 was divided by 110, giving 83iV. 

(3). See Melon's Canon, as given by Ide/er, i., 383. 



48. The nineteen-year Lunar Cycle, as arranged hy Meton, was composed of 12 Com- 
mon Lunar years, each consisting of 13 Lunar months, of 30 and 29 days alternately. 
Eight of those 12 years contained 354 days, and the other four 355. The remaining 
7 years were Embolifimk {IfiftoXiiiaior, Ifi^aWm) or intercalary years, consisting, each, of 
13 months, and containing 384 days. There is a difference of opinion as to the position 
of the Embolismio years in the cycle. According to Petavius {Dootr. Temp, ii., 13), 
they were the 3rd, 6th, 8th, Uth, 14th, 17th, 19th ('). Ideler {i., 383) gives tho 3rd, 
6th, 8th, 11th, 13th, 16th, 19th. The Metonic Calmdar, based on this cycle, was pub- 
lished at Athens in Olymp. 86, 4 (b. c. 433). The epoch, or starting point, of the 
cycle itself was July 15, u. c. 432, 01. 87, 1 ('). As Meton made the 19 Solar years to 
contain 6940 days, it follows that the length of the Solar year was assumed by liim to 
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be 365-]^ days. Thia was ^y^li greater than 365^ daja, a more approximate length, 
fioon after, if not already, asoertained. This esoess would amount to a whole day in 76 
years ; in other words, the Metonic cycle would be a day wrong at the end of that time, 
and would require to be corrected by droppin/j a day ; that is to say, by making every 
fourth cycle to consist of 6939 days, instead of 0940. In this way, four Metonic cycles 
would contain 27,759 days, instead of 27,760. Thia correction was made, a century 
after Meton'a time, by Callippus, of Cyzioua, in 01. 110 (b. c. 3-10), The Callippk 
period ['), accordingly, consisted of three consecutive Metonic cycles of 6940 days each, 
plm a fourth cycle of 6939 days ; making iu all 76 years, each 3ti5j- daya long. This 
was a very famous period in ancient Chronology, and was termed cKicau^^o/fTiKovracrqpf?. 
About 200 years later, Hipparcbus, the great astronomer, found that the Callippio year of 
365{ days was about ^^th of a day too long. He, therefore, proposed to omit one day 
at the end of every 304th year, that is, at the end of every 4th Callippio period (74 x 4). 
Thus, the length of Uipparehus' period [called by Censorinus Annus Sipparchi) was 
111,035 days ('). 

(I). The only reason nhy Fetaviua adopted this order seetna to have been tliat it was ho in tlie nine- 
teen-year cycle of the Jews, who probably borrowed their cyde from the Metonic. GeminuB throws 
no light on this queBtion. Vid. Ideler, i,, fi42 ; ii., 237, 

(2). Vid. Ideler, i., 326, 329. 

(aj. The proper diatinotion (whioh, however, is frequently neglected) lietween a rycU and a ptri-id 
in ihia :— A cycle is a reuurring series of years, nt the end of whieh certain phenomena, or time-relalionB, 
repeat themselTes. A period conlaina two or more eydes. Tbua, we speak of the Metonic cycle, and of 
the Callippic period. So, in like manner, we speak of the Vkloriim ptriod of 032 years, arising from the 
combination of the Solar Cycle of 28 years, and the Lunar Cycle of 19 years ; and of the Julian period 
of "080 years, arising from the continued product of the Solar, Lunar, and Induction Cycles. 

{i). CalUppus' period was a nearer approiimalion than Melon's Cycle to the mean motion of the Moon 
as well as of the Sun. For 27,759 divided by 940 (= 235 x 4) gives for the synodic Lunation 29» 12* 
44" 25)>, which is cnly about 22 seconds too much, 

Hipparchua' period of 11 1,035 days, diTlded by 304, gives for the length of the Solar year36&i fi"" 66" 
15-S', which diflers from the true by about 6i minutes. Again, 111,035, divided by 3760 Ithe number of 
Lunations in 304 years), gives for the length of the sj-nodic Lunar month 29^ 12'' H" 21*, differing 
from the true length about half a secund. (Art. 40.) 

49. There can be no doubt that after, if not before, the Nicene Council, the Alex- 
andrian astronomers made use of the Metonic Cycle for the detenninaf ion of Easter. But 
it does not appear that, even at Alexandria, this cycle was employed for that purpose 
earlier than the middle of the third century a. d. ('). So far as we know, the first person 
who BO applied it was Anatolius, a native of Alexandria, who became Bishop of Laodi- 
cea, ciir. a. i>. 270 ('). When, and through what agency, the riiiirireii-ffcnr vycle wasooai- 
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pletely developed into an Easter cycle cannot with certainty be determined. According 
to the express testimony of Jerome and Bede, Eusebius, the celebrated Bishop of Ccesarea, 
had the chief part in the matter (^). However this may be, the nineteen-year cycle 
gradually dipplaced all the other cycles hitherto employed, and was exclusively used in 
the compulation of Easter. In its adaptation to tlie Christian Calendar the Metonic 
Cycle underwent certain modifications which I now proceed to dcBcribe. 

{1}. EosebiuB (Lib. vii. c. 20) mentions two Fcatal Epiattca (imtrroXai lo^ovruial] of Diosfsiiu, 
Biabopof Alexandria (a. d. 24S-2G5), in one of which ba used tile JKTatTijpIi, or eight-year cycle. 

(2). Vid, Ideler, U. 228. It ia very remBrkable that Kpiphaniua, who lived a century later, while lie 
mentioiu and explains the eight-year cycle (ociaeleriii), dues not say a word of the much more perfect 
nineteen-year cycle. 

(3). Jerome (De Viris Illustr. c. 61) bbjh, Hippotytas xtj. annnrum circulum, quern GriFci tKKoiSfnatTnplJB 
rocanl, reperil, el Eutebio, qui super Paacha decern el novum atinonini irirpulum, id est /mMBiBiKacniplJa. 
compoaull, oeeasioiiem deilit. 

And Beda (Bo Teuip. Rat. o. 42) says, Deevmnorennalit circvU ortUuem primus Euaebiia, Cmareir 
Palrttina Eiiiseopiis, ob yiinrlasdecimaa Lunaa Peati Pnachalis ipnimqiie diem Piitc/iir inrfiiiciiilum, cum- 



50. In the firMt place, then, the Calhppic or Julian year of 365J- days was adopted, 
and the Metouic Cycle was assumed to be rigidly exact ; (. c, that 2-ia Lunations are 
exactly equal to 19 Julian years {'). Now, 19 < 365|'' = 69;i9^'' ; and tlds number 
divided by 235 gii-es 29'' 12^ 44" 25^" for the mean length of a Lunation, liut, ns 
fractional parts of a day cannot be employed in a Civil Calendar, the Lunations were 
taken to be 30 and 29 days, alternately ; and were so arranged as that 235 of them 
should fill up the whole space of 19 Solar years. The mode in which this was effected 
WRg, in principle, the same as in the Metonic Cycle. The number of complele Lunar 
months (consisting of 30 and 29 days alternately) in a Solar year is 12 ; and, therefore, 
in 19 years, 228. These 228 months (30 and 29 days, alternately) were called Common 
months. The remaining 7 months (to complete 235) were called Emholimiiic, or inter- 
calated months. Six of them consisted of 30 days each, and one of 29 days. They 
were called Embolkmie, because those consisting of 30 days were inserted {ti»^a\\u) 
among the Common months, at certain inteirals, while the one of 29 days was aiin&red 
at the end of the entire series, and so was the last of the 235 ('). Hence, in this airange- 
ment there are 120/u// mouths, and 115 hollow, instead of Melon's 125 and 110. 

Thus, there were 228 Common months (114 > 30 + 114 k 29) = 0726 days. 
6 Embolmnic „ (30 x 6) = 180 „ 

1 „ „ annexed at end, = 29 „ 



235 Calendar months, 



(■). 
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This is the number of daya in 19 Common years (3G5d.), and falls short of (he 
number of days in 19 Julian years (36d|) by 4^ days. These deficient days were made 
up by adding, every Leap-year, one day to the Calendar Lunation in which the Bieeex- 
tUe day {24th) of February oecun'ed, and so making the Lunation to consist of 31 or 30 
days, aooording as the ordinary Lunation consisted of 30 or 29 dftys('). But in 19 
Julian years there may be four or five Leap-years ; fire, if the Ist, 2ud, or 3rd, year of 
the eyule be Leap-year ; /(!(//■, Lf the 4th year be Leap-year. In the former case the 
number of days in the cycle will be tJ940 (6935 + 5) — 6 hours longer than 19 Julian 
years; in the latter case, the number will be 6939 (6935 + 4) — 18 hours slwrti-r than 

6940 X 3 + 6939 



19 Julian years. The mean length of the cycle is, therefore, - 



6939^ 

days ; agreeing exactly with 19 Julian years. It was only at the expiration of every four 

periods of 19 years, or 76 years, that there was an exact coincidence hetweeu the 
Calendar Lunar Cycle and the JuHan year. For in 76 years there are exactly 19 Leap- 

years'j- = 19J; and in that same time, the 4J defective days amount to exactly 19 

days ; so that the Calendar Lunar Cycle exactly terminates with the close of every 76th 
Julian year ('}. We thus meet again the famous Callippic period (Art. 48). 



(1). Ihe exact length of 23A mean Lunatiuns, eai^h 29'530588Tld days, = 6939-688348025 days; and 
le Julian years = 6339-76 daj-8 ; which eieecdfl tho former hy ■06HJ51975'' = l-- 28= 4T*; that is to say, 
S35 mean Lunatinns are about IJ Ixiura ahorter than 19 Juhan years. 

(2). Thn term Emboligmic properly applies oolf to tho 6 imerted months. All the months of 30 
days still continued to bo called /uW (plciii), and thoao of 20 daya hollow {cavi). 

(3). The same result oomes out in tho following way :— 29J x 235 = G9321 days. But the 6 flmbo- 
lismio mouths of 30 daya, each, add 3 days t« this sum, while tho lB«t Emboligmic month, of 39 
days, takes away half a day. Hence the total smu is 6935. 

(4). In a liisseitile year, the Lunation n-hich contaiiu the ioterealary day — that is, the day inteipoHd 
between February 23 and February 24 (Art. 25}— receives the addition of one day. Now, the first, or 
January, Lunation each year being always one of 30 days, the tiecoiid Lunation is 29 days, the third SO, 
and so on. Hence all the Lunations that begin in January and end In February Dontaiu 29 days ; Uid, 
therefore, all nf them that include tho intercalary day ore reckoned, in Bissextile years, as containing 30 
days. This takes place in those Bissextile years whose Golden Numbers are III., VI., XIV., XVII. {vid. 
the Old Church Calendar, Art. 51, tqq.). But in the case of Lunations beginning in February, and, 
therefore, cndiug in March, and which, consequently, contain 30 days, the Biiiscxtile years corresponding 
to all the Oolden Numbers iu February that precede the intercalary day have their third Lunation 31 
days. These Oolden Numbers are all the nineteen, with tho exception of the four above mentioned. A 
Lunation of 31 days is, as Delamhre observes, a monstrosity in astronomy; but it could not be difipenaed 
with. Cf. Clafiua, p. 375. 

(5), As there are nineteen Leap-years in four Julian Cycles of nineteen years each, there must be five 




Leap-Teora in three of tho cycles, ftnd four in the remainiug one. Hence, in every four such evi'les, llitfro 
will b* one of G039 days, which is too short by eighteen hours ; and three of 1640 days, which, tnkcn 
together, arc too long by eighteen hours, so that the ihroe exactly oompenaatc the one. 

51. We have now to consider how these 235 tJalendor Lunations (228 Common and 
7 EmboUamic), and consisting, for the most part, of 30 and 20 days, alternately, were 
difitributed in tbo Old Ohurob Calendar throughout the suooesaive years of the nineteen- 
year cycle ('). To avoid repetition, it must be borae in mind that when, in what fol- 
lows, New Moons and Lunations are spoken of, Calendar New Moons, and Calendar 
Xiunations (of 30 and 29 days), ore meant, not real New Moona and astronomical Lu- 
nations. The Solar year is always assumed to be the Common year of 3G5 days, the 
Leap-years being taken into account in the way explained in Art 50. 

The epoch, or commencement of the cycle, is arbitrary ; that is to say, the cycle may 
commence with the year-day on which any one of the 235 New Moons falls. Let us 
suppose, then (the reason of tho supposition wo shall bog presently}, that a Now Moon 
falls on January 1, in the t/tird year of the cycle (see Table of Art. 62). This Lunation, 
oontuining 30 days, ends on January 30; and the following Lunation (29 days) begins 
on January 31. Reckoning on, 30 and 29 daj-s alternately, we find that the other New 
Moons contained in this third year fall, respectively, on March 1, March 3], April 29, 
May 29, Juno 27, July 27, August 25, Soptember 24, October 23, November 22, De- 
cember 21. Accordingly, the lioman numeral lU. is prefixed, in the Calendar, to each 
of these thirteen days, to indicate that, in i/ic third year of the Lunar Cycle, the NvwMoom 
fall on these days. But it must be observed that there are only ttcclce cotuplete Lunations 
this third year, the twelfth Lunation ending December 20, the 354th day of the year. 
The following Lunation (30 days) begins December 21 j so that the Moon is 11 days 
old at the end of the year, and the Lunation ends on the 19th of the following January 
(11 + 19 = 30). This Lunation in m-koiml us the frit Lunation in the fourth year of the 
cycle, in accordance with a rule of tlie ancient Computista, which they expressed iu the 
following verse : 



Jn quo riiii'jilt'tur 



n Lunatio detiir 



denoting that a Lunation is regarded as belonging to the month (and year) in which it 
enda ('). The first New Moon, this fourth year of the cycle, falls on January 20 j and 
rV. is prefixed to that day and to the days on which the other Calendor New Moons 
(reckoned as before, 29 and 30 days, alternately) fall : viz., February 18, March 20, 
April 18, May 18, June 16, July 16, August 14, September 13, October 12, November 
11, December 10; — uU of them II days earlier than the New Moons of the third 
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year. The twelfth Lunation this fourth year ends with December 9 ; and, therefore, the 
following Moon (which is the first of the fifth year of the cycle) is 22 days old at the 
end of the fourth year fj, and [the Lunation being one of 30 days) ends on the 
8tb of January. The first New Moon of the fifth year of the cycle falls on January 9 ; 
and V. is, accordingly, prefixed to it, and to all the other New Moon days that year : 
viz., February 7, March 9, April 7, May 7, June 3, July 5, August 3, September 2, Oc- 
tober 2, October 31, November 30, December 29. This fifth year includes, therefore 
tliirteen Lunations (the first of them ending, as above explained, on January S), and 
contains 384 days — in other words, V. is an Embolismic t/ear (*). The thirteenth Luna- 
tion, which is one of 29 days ('), ends on December 28, leaving the next Moon three 
days old at the end of the year. Proceeding in the same way, VI. is attached to Janu- 
ary 28, February 26, .... December 18, of the sixth year, a Common one. The 
Moon ia 14 days old at the end of this year, and, accordingly, VII. is affixed to 
January 17 (14 + 16 = 30) ; and so on, down to December 7 of the seventh year, which 
is also a Common year, with only twelve Lunations. The Moon is 25 days old at 
the end of that year ; and VIlI. is accordingly affixed to January 6 Decem- 
ber 26 of the eighth year. This eighth year is Embolismio, as it ooutains thirteen Luna- 
tions, leaving 5 days to be cai-ried on to the next ('). Proceeding as before, we find the 
next (the third) Embolismic year to be the eleventh of the cycle ; XI. is accordingly 
aJUxed to January 3, , , . . December 23. (') The fourth Embolismic year is the 
thirteenth of the oyote. SIII. is affixed to January 11, ... , December 31, (') The 
sixteenth year of the cycle ia Embolismio (the fifth). XVI. is affixed to January 8, , . . 
December 28. (") The nineteenth and last year of the cycle ia the sixth Embolismic 
year. XIX. ia affixed to January 5, . , . . December 24. To this Embolismic year, 
aa the last of the cycle, was assigned the Embolismic Lunation of 29 days (Art. 30) ; 
thus making this nineteenth year consist of only 383 days, whereas all the other Embo- 
lismic years contain 384 days. ('") The first New Moon of the cycle falls on January 
23, and I. is affi.-sed to January 23, .... December 13, so that the Moon is 18 days 
old at the end of the year. 11. is accordingly prefixed to January 12, .... De* 
cember 2, of (he second year of the cycle ; it is the seventh and last Embolismic year, con- 
taining 384 days. The thirteenth Lunation (30 days) ends the year, and completes the 
cycle, which again commences with III. affixed to January 1, *^c. 

(1). Two ninetcon-ypiir oycles are mentioned by ancient writera, whioh mnst be carefully distm- 
g^ghed — vii., the Alexandrian (Chritliaii) Cycle, with which we are now oonoemed, to whioh the Ooldeq 
NuDibera arv attached ; and the Jeiciah. Diunjaiue, Exiguus, and Bede designate the fonner as Cyelut de- 
teiiDMOennaliii, and the latter as f^cfiM lunarit — a. not very happy diHtinotiuQ, inosiauch as both are equally 
Lunar Cycles. The chief difference between them is that, in the Christiua Kasler Tablt-s, the ejioch, or 
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Iwgi fining of the Jtreiih Cych, is plaoed emotlf three years later than the epoch of the Christiui; in other 
wordB, the epoci of the Cyclu» lunaru ia on the Ut of January in the third year of the Cyclai dceemnov. 
There ie alao a corresponding difference in the arrangement of the Emholismic years. In the Christian 
Cycle the Embolismio years (as shown in Art, 51) are 

2nd, 5th, 8th, llth, 13th, 16th, Utth; 
in the Jewish Cycle they arc 

3rd, 6th, Bth, 11th, 14th, nth, 19th.— 
IdfUr, ii, pp. Si73-371 ; i, p, 342. 

Fetavius (Doctr. Temp, vi, 5], and many others of the older ChronologiatB, held that the RomanB also 
had, from the time of Julius CiBBar, who ttrst introduced it, a nineteen-year cycle, like that to which Dio- 
nysiua and Bede give the appellation lunaris, in contradistinction to the Aleiandrian. And, upon that 
supposition, Fetavitie draws up a perpetual Julian Calendar, differing from the Alexandrian Church Calen- 
dar (Art. 58, sgg.] only in this, that the Golden Numbera are thrmighout two unita less: e.17., while in the 
(Alexandrian) Church Calendar III. ia alGxed to January 1, in the so-called Roman Calendar 1. is affixed. 
Bnt there ia no evidence to prove that the Latin Church made iiae of a nineteen-year cycle before their 
adoption of the Alexandrian Cycle; while, on the other hand, there ia eiidenee to ahow that the cycle 
actually employed by the early Latin Church was the eighty-four-year cycle, — Idrter, ii. 241. 

(2). The reasori of this rule is thus given by Clavias, cap. xvii, § 1 : — When the New Moon falls ou 
January I, it ends on January 30, and, in this case, there is no douht that the first Lunation of the year 
belongs to January. The second Lunation, beginning with January 31, ends with lost day of February, 
and is, therefore, propter vutjorem partem, to be assigned to it. The third Lunation ia all contained in 
Horch. The fourth Lunation begins on March 31, and ends April 28, and ia (as in February) assigned 
to April, And, following the same analogy, throughout the whole year the Lunations arc assigned to tlie 
months in which they end, though they may have begun, and the greater part of them he contained, in the 
preceding months. And aiuce, in a Common Lunar year, there ore only twelve Lunations, the next 
Lunation [which in the case before us heijiiu on December 21, and ends January 19) is to be asaigned to 
the following January. The same hoids also in the oaae of an EmboHamic year, containing thirteen Luna- 
tions. The year ends in December ; and the following Lunation, whether It begina in December or on 
January I, is assigned to January. Hence it follows that, except in the single case where the New Moou 
falls on January I, the_^rs( Lunation of every year in the cycle begins in December. 

(3). Let n be any number in the series 0, 1, 2, 3, . . . IS, corresponding respectively to the Golden 
Nnmbers UL, IV., T., Yl., .... II. : then the number of days old the Moon is at the beginning of any 
year of the cycle may be found by multiplying n by 11, and dividing the product by 30 ; the remainder 
after the division will be the required age of the Moon. This Rule, expressed in the notation already 



the third year of the Lunar Cycle, 
the sixth year of the oyole. 



Ex. 1. Required the Moon's age on January 1, 
Here, n = ; therefore Moon'a age = 0. 
Ex. 2. Required the Moon's age on January 1. 
Here we have 

(^Ttr) - 3. — IVrf. below, Art. 63. 
(4). Since the Lunations are assigned to the months in which they end, so that 
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ning in December, and ending on any day of January, even the 1st, most be assigned to January, and 
reckoned aa the first Lunation of the year. It may happen in Homo eases that, after Ihejirit Lunation of 
a year, there wiU still remain a auffioient number of days (^54 or 353) to complete twelve more Lunations 
hefaro arriving at the first Lunation of the following year. In auch a case, the year wiU contain ttkirteen 
Lunations, and will be on Embnlismic year, containing 384 or 3N3 daya. But if, after the first Lnna- 
tian, there be only eleven ichole Lunations remaining, the year will be a Cotnmon one. The necessary and 
BulBcicnt condition for on Embolisraiu year may, therefore, be thun stated : — The first Lunation of the 
year must end with some one of the first eleeen daya of January (vid. Claa., pp, 369, 372). 

What baa been juat said also explains the apparent parados that a year of 365 days may include 384 
days. It does nut, of course, actually contain so many days, but it includes Lunatiuiie which amount to 
that number of days. 

(5). The ancient Computists strictly adhered to the Rale of making the first Lunation, erery year of the 
rycle {tuhelher Common or Einhotismir), tn rmilain 30 ilays. The rulo of alternation (30 and 29 days) 
was adhered to as closely as possible, Hence it foUows that, in a Common year, the twelfth and lost 
Lunation consists of 29 days ; and if all the years were Common, the alternation would always be main- 
tained. Gut in an EiubulitnUt: year, of thirteen Lunations, the thirteenth and last Lunation would con- 
tain (if the alternation was kept up throughout) 30 days ; and thus the alternation with the next year 
would be interrupted. The Computista were unwilling to disturb the alternation at this point of junction 
of two successive years, and, therefore, with two exceptions (fourth and seventh Embolism), they reduced 
the thirteenth Lunation to 29 days. But the day so taken away was added to one of the regular twenty- 
nine-day Lunations preceding, so that the total number of days in the thirteen Lunations romiuned mi- 
changed. This change of 29 to 30 days also, of course, interrupted tho alternation ; but the Computists 
preferred that the intorruption should take place anywhere rather than at the junrtion of two years. For 
example, in the case before us (year a of the cycle), if the rule of alternation had been strictly adhered to, 
V, should have been affised to October 1 and November 29, instead of to October 2 and November 30, to 
which the Computists have affixed it. But the reason they did so was, that they added the day taken 
from the thirteenth Lunation to the tenth (29 days), thus making the tenth Lunation end with Oolober 1 , 
instead of September 30, and, conBe(|uently, transferring V. from October 1 to October 2. Hence the ninth 
and tenth Lunations consisted each of 30 days. The eleventh, twelfth, and thirteenth Lunations the^ 
ihon changed to 29, 30, and 29 days (instead of 30, 29, 30), to preserve the alternation. It is easy to Be« 
that this aSected the place of V. only with respect to the eleventh Lunation (November 30, instead of 
November 29),— Vid. the Table. 

(8). Vid. the tost Noto. In this case the fourth Lunation [29 days) got the day deducted from the 
lUirteenth : and so was mode in eficct the Embolismio mouth. In this year, therefore, two Lunationa of 
30 days each (the Ibird and fourth) come together. 

(7). In this eleventh year the second Lunation (29 days) borrows a day from the EmboUamic Lunation. 
Henoo, in a Bissextile year, whose Golden Number is XI., and whose February Lunation (the third) 
must be increased by one day (Art. fil), it happens that the first/otir Lunations contain eaeh 30 dayi. 
— Oaiius, p. 375. 

(8). This thirteenth year and the second year are the only Emboliamio years of which the thirteenth 
Lunation is allowed to retain its 30 days. 

(9). As in the case of the first Kmlxilism, the teuth Lunation borrowed a day from the thirtoenth, and 
10 was the Emboliamie month. 
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(10). strictly Bpaking, tho Emlwlismii' Lunation of 29 days ought to belong to the sevoRth and lost 
EmbotiBmio year (Art. 50), viz., the second year of the cycle. But the unciont CoinputistB preferred to 
moke it belong to the ninettenth and last year of the cycle. They accordingly made three Lunatiuns of 
29 days each come together, \iz., seventh, eighth, and ninth. — Viil. Clavius, cap. xii., 13, cap. xvii., 
16, p. 375). 

62. The following Table, taken from Clavios, p. 376, should be looked at while 
reading the last Article, and the Notes appended to it. 
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63. The explanation given in Art. 51, of the way in whieh the framera of the ancient 
Charch Calendar distributed the New Moons, or (which ib the same thing) the Golden 
Numbers indicating those Moons, over the successive years of the nineteen-year cycle 
(or Lunar Cycle, as I shall henceforth call it) waa based, as I have said, on the suppOBi- 
tion that a New Moon fell on the Ut of January, in the Ifiirii year of the cycle, Golden 
Number III. The supposition was made because it represented the actual fact. The 
epoch of the Lunar Cycle is (as I have said. Art. 51) arbitrary. The Alesandrian 
astronomers assumed it to be March 23, a. o. 323. And the reason why they chose thia 
epoch was, that by their calculation the Vernal Eqtiinox took place on that day in that 
year, and moreover there was a New Moon that same day. This coincidence seems to 
k2 
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have been regarded as a suiEoiently remarkable epoch from which to begin the cycle, 
and accordingly they affixed G-. N. I. to March 23, Beckoning back 59 days [30 and 29j 
from this, the same 0. N. I. was affixed to February 21 and January 23 : and reckoning 
forwards 29 and 30 days alternately, it was also affixed to April 21, May 21, &o., to the 
end of the year. The nest year [a. d. 324) oil the New Moona fell 11 days earlier, and 
G. N. II. was accordingly affixed to January 12, February 10, March 12, &c. The next 
or third year of the cycle, the New Moona fell another H days earlier; accordingly, 
G. N. III. was affixed to January 1, January 31, March 1, &c. And thus, a New 
Moon fell on the first day of the year of the famous Niceno Council (325), which may 
have been an additional reason for choosing the above epoch for the cycle. In this 
way, following the course poiated out already in Art. 51, throughout the whole oycle of 
uineteen years, we can exhibit the whole scheme of the Ofd Chireh Calendar. This Cal- 
endar is also known as the perpetual Julian Ca/etidar; because if the data on which it 
was constructed were strictly accurate (and not merely approximate, as they in fact 
were), this Calendar, constructed for one Lunar Cycle, would apply to all preceding and 
subsequent oyclea (Art.. 47), and so would suffice to find aU the Calendar New Moons — 
including, of course, the Paschal New Moons — for ever. There is some slight diversity as 
to the arrangement of the Golden Numbers in the Calendar, as it is given in the stan- 
dard Chronological books. I have followed Clavius, p. 108. The Letters in the 
columns headed l denote the Calendar Letters (Art. 23) belonging to the days of each 
month of the year ; and the Figures in the columns headed n are the Golden Numbers 
indicating the Calendar New Moons, throughout a complete cycle of 19 years- 
It will be observed that this following Table is in fact nothing more or less than 
the application of the foregoing Table (Art. 53) to the Common year of 365 days. 
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54. From what has been said in Art, 51, comhined with the last two Tables, the 
tollowing, among other less important results, may be deduced. 

1°. That in every year of the Limar Cyolo, except the tliird (G. N. III.} the /irnt 
Ijunation of the year begins in December; while in the third year it begins on Jan. I. 
And all the firxt Lunations, without exception, oontain 30 days. (Table, Art. 52; and 
Note 5, Art. 51). 

2°, In Common Lunar years the Lunations succeed each other in regular alternations 
of 30 and 29 days. This order is unavoidably interrupted in the Embolismic years, 
which gave rise to six pair of conseciilifc Lunations ot 30 days, with one triplet of 29 
days. (Arte. 51, 52). 

3*. If &. N. XI. belong to BmaeHle year, there will be four consecutive Luna- 
tions of 30 days each. This ariseB from the fact that the third Lunation (29 days) 
of Gr. N. XI. includes the Bissextile day, and, therefore, must be increased by 1. 
(Art. 51). 

4°. All the other G. Nob., except VI., XIV., XVII., have Lunations of 30 daj-s, 
beginning in February, and including the Bissextile day : therefore, in BiBsestile years, 
these Lunations are of 31 days. (Art. 51). 

5^. In the Table (Art 52) seven of the G. Nos. occur 13 times; viz., III., XL, XIX., 
VIII., XVI., v., XIII. All the rest occur but 12 times. These seven are found in 
the^Vs^ II days of January and March, and in the last II days of December. In no 
other month are they found together in their order as above. In February, G. N. 
Ill , does not appear at all ; and, therefore, in that month there are but 18 G. Nob. 
In April, June, September, and November, all the G. Nos. occur once. In the 
other months, except October, one of them occurs twice, and in October, two (viz., 
XVI. and V.) occur twice; thus giving 21 G. Nos. in that month. In January 
and March the G. Nos. fall on the same day of the mnnth. It is also to be observed 
that 4 G. Nob. are crowded together in the beginning of April, by the moving up 
one place of XVI. and V. This was done in order that the Lunations beginning on 
the 8th and 9th of March should consist of 29 days only; the Computists having 
adopted the rule that all the Pimckal Lunations should consist of 29 days. ( Viti. 
Art. 59). 

6°. The whole series of 19 G. Nos., as they follow each other, starting from any 
assumed No. in the Calendar (c. g. III.), is generated by adding 8 to the preceding 
G. N., and casting away 19 whenever the resulting sum exceeds 19 ; or (which 
amounts to the same) by subtracting 11 from the preceding G. N,. previously adding 
19 to the preceding, if it be less than 12. For example, XI, follows next after lU., 
and = III 4 8 ; SIX. follows XI.. and = XI. + 8 ; VIIL follows XIX., and = XIX. 4 8 
-19. Again, VIIL = XIX.- 11; XIX. = XI. + 19-11. 
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Similarly, any G. N. is formed from tUe next succeeding 0. N. by subtracting 8, 
or by adding 11. For example, lU. = XI. - 8 ; XI. = XIX, - 8 ; XIX. = XI. 
+ 8. 

OeneraUy, the law of Buocesaive fornlation of the G. Nos. may be thus expressed. 
Let N be any 6. N., and N' the next aucceeding one ; then 

= (^^^^ (1) ; when r = 0, Jf = XI, and N' = XIX. 

■ 11\ 



(1^ + 



(3) ; when r = 0, JT = VIII., and N = XIX. 



The reason of this law of formation will he given hereafter (Art. 55) ('). 

7'. A ksser G. N . /olloicin;/ a greater ia, generally speaking, placed iinmtdiatehj aftor 
it, without any interval ; e. </. XIX. and VIII. ; XVI. and V. ; XIII. and II. On the 
contrary, when a lesser number jiypceila a greater, it is generally separated from it by 
an taterval of one place ; e.g. III. and XI. ; XI. and XIX. ; VIII. and XVI. ('] [Vid. 
Art. 55;. 

8°, The Golden Number of any year of the cycle usually precedes the Golden Number 
of the year immediately before it by 11 days, in Table, Art. 63 ; e. g. HI. precedes 
II. by 11 days; and II. precedes I. by 11 days; and so does IV. precede III. by 
the same number of days. This arises from the fact that the Solar year [365 days) 
exceeds the Lunar (354) by 11 days ; so that the New Moons of a succeeding year 
fall 11 days earlier, each month, than those of the year immediately preceding. 
Very rarely tho greater G. N. exceeds the next by ien days ; and still more rarely by 
tieelce. Any suoceeding G. N, is separated horn that immediately preceding by 
19 days; e.g. TV. ia 19 days below III. This follows from what has just been aaidj 
rV. precedea III. by 11, and therefore the i»-j:t IV. falls 19 days after HI. 

9'. It must be carefully observed that during the whole course of the Lunar Cycle 
no two or more New Moons fall, or can fall, on the same day of the month ; in other 
words, each New Moon of the whole 235 has its own day of the year appropriated to 
itself, and unshared by ujiy other. This Ilule was rigorously adhered to by the old Com- 
putista. Indeed, from the very nature of the cycle — namely, that it is only at tho end of 
19 years, and of 235 actual Lunations, that even an approximation takes place to a 
common measure of the Solar year and a Lunation — it necessarily follows that no two 
actual New Moons can fall on the same day of the month during the course of the 
cycle. The same is true of the iiiciiii New Moons. The only instanoe in which any of 
the old Computists permitted the occurrence of two Cakndar Moons on the same day was 
in tho case of the G, Noa. XIII, and II., both of which Cainpanus nud some others 
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affixed to Deo. 3rd. Bat moat of the Computiats rejected this, as inconsisteut with Ihe 
fundamental priucipio of the cycle, and they, accordingly, affixed XIII. to Deo. I, and 
II. to Deo. 2 f). 

(1). We have seen (5°) that Boven of the G. Nos. are repeated eighteen times in the coureeof the pyele, 
and that these Nombcrs ore found on the first eleven days of January, and the last eleven days of Decem- 
ber. Coneeqaently, the law of sacocBsiTe generation of the O. Nob. by the addition of 8 to each 
prereding No. does not hold in passing from the end of Deoember to the beginning of January ; XtTI, is 
afEzod to December 31, from which III. (affixed to Jan. 1] docs not follow by adding B. In fact, the 
law is discontinued untU we arrive at Jan. 12, whose G. N. II. is formed from XIII. by adding 8, and 
dropping 19. — Claciun, p. 112. 

(2), The exceptions to the former part of this Eule are the tolluwing: — In February 3, XIX. follows 
XI. without any interval ; in April 6, June 4, and August 2, X7I. follows tmniediatdy after TUI. ; in 
October 3, and Deo. 1, XIII. follows immrdiatrhj after V. These exceptions are oaused by the rule of the 
alternate sequence of 30- and 29-day Lunations. Again, at the end of July, and in the following months to 
the end of the year, XIX. is moved up one place, thereby separating it one place from Till., which, 
regularly, it ought t« precede immediately ; and, moreover, bringing it immediately after XL, nbert'os, 
regularly, there ought to be an interval of one place between th©m.^Tid. Ciaritit, cap. ix., S o. 

(3). Vid. Cloriiit, I.e. 



55. It IB easy to show tliat the New Moona indicated hy the Golden Niimltere in the 
Calendar (Art. 53) agree very nearly with the menu New ifoons (Art. 40, Note) ; and 
also to perceive the reason of the law of formation of the successive Golden Numbers, as 
stated above (Art. 54, 6°, 7'']. 

I. In EinuT Julian years of 365i days each, there are 2922 days. Again, 99 mean 
Lunations (each 29-530588 days) = 2923'528283'' = 2923'* 12" 40°' 43'; so that, at the end 
of eight years, the mean New Moons fall a little more than a day and a-half laUr than 
they did at the beginning, Suppose, then, a mean New Moon wore to fall on Jan. 3, 
after the lapseof eight Julian years the mean New Moon would fall oneand a-half days lower 
down. But the Calendar New Moon (G. N. XIX. ) is affixed to Jan. 5 ; so that it differs 
firom the place of the mean New Moon by less than half a day. Again, after the lapse 
of another eight years, the mean New Moon would fall about three days lower down than 
what it was at the beginning ; that is to say, on Jan. 6; and we fiud G. N. VIII. 
athxed to this day ; so that the mean and Calendar New Moon fall on the same day. 
In the same way, after a third period of eight years, the mean New Moon will fall about 
one and a-half days below Jan. 6, and, therefore, differ obout half a day from the place 
of the Calendar New Moon (XVI.) affixed to Jan. 8. And at the end of a fourth periofl 
of eight years the mean New Moon wiU fall three days after the 6th, that is, on the 9th, 
where we also find G. N. V, The same is generally true of the otlier G. Nos., which 
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ooour together in paint, each pair being eeparated from the next pair by an interval of 
one vacant place. A few of the G. Nos. interrupt this order, the iaterruption being 
required bj the necessary equation of the Moon. Looking at the G, Nos. in Jauuary> 
for example, we see that XL, X., IX. are koUded, with an . interval of one place before 
and after them. 



II. We have, in what precedes, seen the reason of the law of formation, N' = 



19 , 



(Art. 54, 6") ; and that the Calendar New Moons agree very nearly with the mean New 
Moons throughout the cycle of nineteen years. Let tis now consider the reason of the 

other law of formation, N = { ■ ;>, — | . 

In U Jiiliiin years there are 4017'' 18"; and 13C mean Lunations = 136 - 29-.5.30-588-' 
= 4010'' 3'' SO"" 21'; bo that after the lapse of 11 years the meau New Moons will fall one 
day and fourteen hours, or about one and a-half days, ctirlier than (hey did at the begin- 
ning of that period, llence, suppose a moan Now Moon to fall on Jan. 6 (G. N. Viil.), 
after the lapse of II years it will fall about one and a-half days hi;//iei- up, that is between 
5th and 4th. But we and G. N. XLS., which comes 11 years after VIIL, affised to 
Jan. 5 ; and, therefore, distant only about half-a-day from the place of the mean Moou. 
After the lapse of a second period of 11 years, the mean New Moon will fftU about 3 days 
higher up than its original place, that is, it val\ fall on Jan. 3 ; where we find G. N. 
XI., whinh comes fletcii years after G. N. XIX. : so that at the end of 22 years from thfl 
beginning, the mean and Calendar New Moons fall on the some day. In the tame way it 
may be sliown that any other group of three Calendar New Moons agrees very closely 
with the corresponding mean New Moons. 

We have now seen that the Calendar New Moons of the Lunar Cycle very nearly 
agree throughout with the mean New Moons ; and we have also seen the reason why, in 
general, any Golden Number is formed from the prccetUtuj one by the addition of 8 ; and 
from the succeedinif one by the addition of 11. It was from this relation of the nineteen- 
year cycle to the numbers 8 and 11 that the ancient Computists resolved that cycle into 
an ogdond and a licndecml. {') It is obvious that, having tlie law of formation, we can 
derive the whole series of Golden Numbers from any given one. ■ 



(1). Thus, DioDfBiuB Eiiguus, ia hii Epistola ad Bon {fan 
ogdoodem et hendccadem in ue revolritur." — ^Yid. Clariiu, cap. 



n, Bays, " DecemnoveiinuliH Cjclus par 
:. 55 7-9; Iilrhr, ij. 2^1. 



66. Dionysins Exiguus adopted tlie Alexandrian epoch, or starting point, of the 
Lunar Cycle — viz., March 23, in the second year before the Nioene Synod (Art. 53). 
Keokoning backward from this, he found that a cyole began the i/ear before the Clmstian 



74 THE CALENDAR. 

Era, as calculated by him. He, accordingly, substituted the year of Christ's birth for 
the Alexandrian epoch of the Lunar Cycle ; or, which is the same thing, he took the 
year before the Chriatian Era as the first year of the Lunar Cycle. Hence we see the 
reason of the Common Rule for finding the Golden Number corresponding to any given 
year A. D. : — 

"Add 1 lo the nwnbcr of the year, aiid divide the sum by 19: if there be no remainder, 
l/ie Golden Number is 19 ; if there be a remainder, it is t/w OoMen Number required." 

The Rule may be formulated thua : — Let x be the number of any year a. d. ; and r 
the remainder after dividing a; + 1 by 19; then 



N = 



19 



Ex. 1. Find the Golden Number of a. d. 323. 

plete cycles had elapsed, and that the first year of the eighteenth cycle was current. 
Ex. 2. Find the Golden Number of a. d. 322. 

'{Til- 

fore, that 19 was the current Golden Number. 
Ex. 3. Find the Golden Number of a. o. 17. 

Q, 



We have ( 



"We have I 



= 1, the required number. The quotient is 17, showing that 17 oom- 



= ; denoting that 322 is the lost year of a cycle (17th) , and, there- 



I =18. 



57. It ia easy to find the Golden Number (JV) for any year (/) He/ore Chritt. 

As B. c. 1 was the first year of a cycle, so were also b. c. 20 (= 19 + 1) ; b. c. 39 
(= 2 X 19 + 1) ; B. c. 58 (= 3 X 19 + 1) ; &c. But it is obvious that, if we subtract any 
year {/) from the year on which the cycle in which / is found begins, we shall obtain 
the number of Golden Numbers elapsed before the beginning of .*■' : consequently, to find 
the current Golden Number of /, we must odd 1 : that is to say, 

JV" = n » 19 + 1 - a< + 1 = n >cl9 - «' + 2. 
The Eule, then, for finding the Golden Number of any year (^x) b. c. is this : — 

Takf the. least multiple of 19 that will give a number higher than the year number: to 
the diffcrenre between this and the year number add 2; Mis t's the required year of the 
cycle. 

Ex. 1. Find the Gulden Number of b,c. 26. 

Here we have h = 2 ; / = 26 ; therefore, 

JV' = 38 - 26 + 2 = 14. 
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Ex. 2. Find the Golden Number of b.c. 1. 

iV' = 19- 1 + 2 = 20 = 1. 

58. The formulre given in Arts. 56 and 57 will find the Golden Number for any year 
between a. d. and b. c. It is, however, convenient to have Tables that will show the 
Golden Number on inspection, and without any calculation. The two following Tables 
answer this purpoBe. 

TABLE I. 

Showing the Golden Number, which is the same both is Olh and New 
Style, from the Birth of Christ to a. d. 9400. 
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The construotion of the above Table is as follows : — 

In the five columns under " Centmial Years " are written, in order, the Centurial 
Fignresof the years 0, 100, 200, 300, &o., up to 9100. In the six horizontal rows at the 
l2 
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top are written the successive numbers from (the year before the Christian Era, when 
a cycle of Golden Numbers began) up to 100. In the nineteen horizontal rows under 
" Golden Numbers," the Golden Nimibers fire written consecutively, beginning with 1 
(corresponding with b. c. 1). Each of these rows differs from the preceding by 6 units, 
because in 100 years there are 5 cycles of Golden Numbers pltis 5 (100 = 19 x 5 + 5). 
Again, there are 19 centuries in each vertical column of Centurial years, because after 
the lapse of 19 centuries, the Golden Numbers of the cenfmnes recur as before. 

One or two examples will suffice to illustrate the use of this Table. 

Ex. 1. Find the Golden Number of a. d. 323. 

In the first centurial colimin find 3 ; and in the top columns find 13 : at the intersec- 
tion of the horizontal row of the first and the vertical row of the second, we find 1, which 
is the Golden Number required. 

Ex. 2. Find the Golden Nimiber of a. d. 1875. 

The horizontal row of the centurial year 18 is intersected by the vertical row of 75 
in the top columns at 14 ; which is, therefore, the Golden Number required. 

It is obvious that this Table may be extended to any length, by simply writing 
additional centurial colimms. 
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The ooustruotion of this Table is the samo as that of Table I. The successive hori- 
zontal rows of Golden Numbers differ by fourteen units, instead of by /re, as in 
Table I. ; because in this case the Golden Numbers are written in the reverne order ; and, 
therefore, the common difference of two oonseoutive rows is the complement of the former 
common difference (14 + 5 = 19). 

The 'J'able can, of course, be extended backwards to any number of centuries b. c. 

Ex. 1. Find the G. N. of b.c. 2. The horiK)ntal row of 00 [the first century B.C.) 
intersects the vertical column oontaining 2 (in the top series), in 19, which is, therefore, 
the G. N. required. 

Ex. 2. Eequired the G. N. of b.c, 4004. The horizontal row containing 40 (in the 
third centurial column) intersecta the vertices column containing 4 (in the top s^es), in 
7, which is the required G. N. 
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59. Having now pointed out how the StiriU"!/s in any given year may be found ; and, 
further, how the Golden Number, which determiaes the Calendar New Moons for any 
year, may be oacertained ; and having shown how the nineteen Golden Numbers are dis- 
tributed through the montliB of each year of the ninoteen-year cycle, we have next to 
explain how these two necessary and sufficient elements — the Sunday Letter and the 
Golden Number — are applied to the determination of Easter Sunday. The Table, Art. 
5:i, shows the arrangement of the Golden Numbers through all the months of the year. 
The question now is, within what portion of the year are the Gulden Numbers whioh 
specially indicate Easter Sunday to be sought for; in other words, what are the iiniils of 
the Easter, or Pasehal, New Moons, and on what days of the year can Easter Sunday fall ? 
Now, by Rule III., Art. 41, the earliest day on which the fourteenth of the Pnsf A a/ Moon 
can fall is the Slst of March. If the fourteenth day of the Moon fell earher than the 2lBt, 
it was regarded as belonging, not to the Jirst montli, but to the tieelffh, of the preceding 
year. Consequently, reckoning back 14 days from March 21, we find that the enrltest 
poitnilile Piigchat New Moon falls on the 8th of March, whose Golden Number is XVI. 
As Moroh 7 has no Golden Number affixed to it, no fourteenth Moon in the Old Calen- 
dar can fall on March 20. Golden Number VIII. is affixed to March 6, and the four- 
teenth day of that Calendar Moon falls on March 19. But this precedes the Equinox 
(March 21), and, therefore, the Golden Number that gives the earliest possible Paschal 
Moon ia XVI. Tlie latest Paschal New Moon, on the other hand, is that which falls 
on April 5 (Golden Number VIII.), because the whole cycle of the 19 Golden Num- 
bers, reckoned from the 8th of March, inclusive, is then completed. And if another 
Paschal New Moon could fall on the 6th of April (Golden Number XVI.), there would 
be tipo Paschal New Moons, denoted by the same Golden Number XVI. ; in other words, 
Easter would, in any year whose Golden Number is XVI., be celebrated twice, which is 
absurd ; and the same is equally true of auy other day after the 6th of April. Hence, 
the latest Paschal New Moon is that which falls on the 5th of April. The fourteenth 
day of that Moon is the 18lh of April, the next Sunday after which will bo Easter Day. 
But if the 18th be itself a Sunday, the next Sunday will, by Rule II., be Easter Lay, 
April 25 ; which, tberefore, is the latest day on ichich Easier can possibly fall. 

Hence the extreme limits oii\xQ Paschal Neic Moons are March 8 (Gulden Number 
XVI.), and April 5 (Golden Number VIII.) : and the ertreme limits of Easter Day it«elf 
are March 22 (i}xe cirliest jiossible •Is.y) and April 25 {th,^ latest possible Ao-y) \ in other 
words, the time of Easter may vary to the extent of 35 days or 7 weeks. 

It must be remarked that, while there are only 19 days (corresponding to the 19 
Golden Numbers) on which the fourteenth day of the Moon can fall, yet Easter Day may 
itself fall on any of the 35 days within the above Uniits. This arises from the fact that 
uny one of these days may be Sunday. 
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It ie also to be observed that, aa all the 19 Foscihal Lunations consist severally of 29 
1 4»y8 (eid. Art. 54), the whole cycle series of the 19 Paschal Golden Numbers, from XVI. 
' (March 8) to VIII. (April 5), is contained w-ithin the space of 29 days. Of these 29 
days only 19 have Golden Numbers affixed; so that 10 are vacant. In other words, on 
those days, in the Old Church Calendar, no Paschal New Moon oould fall. In the Gre- 
gorian Calendar, aa we shall see, this is otherwise ; there may be 29 New Moons — 24 iu 
March and 5 in April [Clarius, cap. i. § 10). 

From inspection of the Calendar, it further appears that when Easter falls on the 
earliest possible day (March 22), the Sunday Letter must be D ; and when it falls on the 
latest possible day (April 2o), the Sunday Letter must be C. 

60. From what has just been said it appears that the portion of the Old Chiu-i^h 
Calendar specially applicable to the determination of Easter is ofjntained within the 
limits of 36 days, counting from the earliest possible day (March 22) to the latest 
(April 25). The Table exhibiting the Paschal jP«// Moons (or fourteenth days, 
counting from the days of the New Moons, respectively, as indicated by the Golden 
Numbers) during this interval is called the Oid Paschtil Tn/>k, by means of which 
Easter was actually determined by the whole Christian Church, down to the time of the 
Reformation of the Calendar by Pope Gregory XIII. ; and by which it might be deter- 
mined/or fvci; had the length of the Julian year, and the asenmed exact coincidence of 
235 Lunations with 19 Julian years — the two essential elements on which the Old 
Church Calendar was based — been rigidly true. In using this Table it must be borne 
in mind that the Golden Numbers indicate, not (aa in the General Table, p. 98) the 
days of the Paschal iVV/c Moons, but the days of the Paschal Full Moons, or fourteenth 
days, the latter being derived from the former by adding 13 clear days to the date of each 
New Moon ; or, in other words, by moving down all the 19 Golden Numbers, beginning 
with XVI. (March 8), and ending with VIII. (April 5), 13 places each ; so that, for 
example, XVI. may stand opposite March 21, and VIII. opposite April 18; the remain- 
ing Golden Numbers occupying the intermediate places, their relative position continu- 
ing unchanged. 
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THE OLD PASCHAL TABLE. 



Golden ^j 
Numbers. ■« 


aschal 

Full 

[oons. 


Calendar 
Letters. 


Golden 
Numbers. 


Paschal 
Full 
Moons. 


Calendar 
Letters. 


XVI. Ma 


rch 21 


c 




April 8 


G 


V. 


, 22 


D 


XVII. 


„ 9 


A 




, 23 


E 


VI. 


„ 10 


B 


XIII. \ 


, 24 


F 




n 11 


C 


II. 


, 25 


G 


XIV. 


„ 12 


D 




, 26 


A 


III. 


„ 13 


E 


X. \ 


, 27 


B 




„ 14 


F 




, 28 


C 


XI. 


„ 15 


G 


XVIil. 


, 29 


D 




„ 16 


A 


VII. 


, 30 


E 


XIX. 


„ 17 


B 




, 31 


F 


VIII. 


„ 18 


C 


XV. i 


ipril 1 


G 




„ 19 


D 


IV. 


M 2 


A 




„ 20 


E 




M 3 


B 




„ 21 


F 


XII. 


„ 4 


C ' 




M 22 


G 


I. 


M 5 


D 




„ 23 


A 




„ 6 


E 




„ 24 


B 


IX. 


„ 7 


F 




„ 25 


C 



To find Easter by this Table, look for the Golden Number of the year in the first 
oolnmn, against which stands the day of the Paschal Full Moon* Then look in the 
third column for the Sunday Letter of the year next after the day of the Full Moon 
(Art. 76), and the day of the month standing against that Sunday Letter is Easter Daif 
If the Full Moon happen on a Sunday, then the next Sunday after is Easter Day. 

The Golden Number may be found from the Tables, Art. 58 ; or from the Rule, 
*' Add 1 to the year of Our Lord : divide the sum by 19. The remainder, if any, is the 
Golden Number. If there be no remainder, the Golden Number is 19 "(Art. 56). 

The Sunday Letter may be found by inspection from the Table, Art. 29 ; or by the 
Hule (Art. 33) : — ^Add to the year of Our Lord its fourth part, omitting fractions. From 
the sum subtract the nimiber 2 ; divide the result by 7. If there be no remainder, 
A is the Sunday Letter. But if any number remain, then the Letter corresponding to 
that nimiber in the following scale is the Sunday Letter : — 

A G F E D C B 
12 3 4 5 6 



In Bissextile, or Leap years, the Letter found as above will be the Sunday Letter 
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and as Easter always falls after the intercalated day, this Letter will be tlie Easter 
Letter (Art. 27). 

Ex. 1. Find Easter Day, a.d. 1350. We get by TaUe, Art. 58, G. N. 2, or by Rule 
(^^3- J =2; and by Table, Art. 29, we find Sunday Letter C ; or by the Rule above givt-n 



/1685\ 



G. N. 2 stands agaiast Maiob 35 ; and the next C stands against Marcli 28 ; which ia, 
therefore, Easter Day. 

E\. 3. Find Easter Day in a. d. 1709, Old Style. Here we find Q. N. XIX. ; Sunday 
Letter B ; both which stand against April 17 : consequently, Easter Day is April 24. 

61. The following Table exhibits another form in which the old Paschal Table was 
written, and which we find in the New Calendar published in England in 1561, and in- 
serted into the Prayer Book -of James (1604), the Scotch Liturgy of 1637, and the 
Caroline Prayer Book (1663). It was entitled a Table 







To 


FIND Easter for Ever. 






GoWen 
Number. 


A 


B 





D 


E 


F 


G 


I. 


Apiil 9 


10 


11 


12 


6 


7 


8 


n. 


Hiirch26 


27 


28 


29 


30 


31 


April 1 


in. 


April 16 


17 


18 


19 


20 


14 


15 


IV. 


.. 9 


S 


4 


5 


6 


7 


8 


T. 


March 26 


27 


26 


29 


23 


24 


25 


TI. 


April 16 


17 


11 


12 


13 


14 


IS 


VII. 


., 2 


3 


4 


5 


6 


March 31 


April 1 


VIII. 


„ 23 


24 


25 


19 


20 


21 


22 


IX. 


.. 9 


10 


11 


12 


13 


14 


8 


X. 


.. 2 


3 


March 28 


29 


30 


31 


April 1 


XI. 


„ 16 


17 


18 


19 


20 


21 


22 


XII. 


.. 9 


10 


11 


S 


6 


7 


8 


XIII. 


March 26 


27 


28 


29 


30 


31 


25 


XIV, 


April 16 


17 


18 


19 


13 


14 


15 


XV. 


» 2 


3 


■1 


S 


6 


7 


8 


XVI. 


March 26 


27 


28 


22 


23 


24 


25 


XV3I. 


April 16 


10 


11 


12 


13 


14 


IS 


XVIII. 


„ 2 


3 


4 


5 


March 30 


31 


April 1 


XIX. 


„ 23 


24 


18 


19 


20 


21 


22 



The Letten at the top are the Sunday Letters. The figures refer to the month on 
the same horizontal row with them. 

To find Easter by this Table. The intersection of the vertical column, under the 
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Sunday Dominioal Letter of the year, with the horizontal line containing the G. N. of the 
year, will give Easter Day : e.g.y let D and XVI. be the Sunday Letter and G. N. of 
the given year ; then Eeister Day falls on March 22. 

This Table is, as I have said, evidently only another form of the old Paschal Table 
(Art. 60). As the Paschal Full Moons (or fourteenth days) may (each) fall on any day of 
the week, the Easter Day denoted by any G. N. may fall on any one of the seven days. 

This Table, corrected for the change of style, was inserted in the Prayer Book at the 
same time as the other corrected Table from which it is derived. Like the latter, it will 
hold only until the year 1899, inclusive. This Table may be presented in another formi 
which is also useful in calculating Easter in the Julian Calendar. 

Akother Table to find Easter for Ever, according to the Unreformed 

Julian Calendar. 



Almanac. 


Dom. Lett. 


Golden Numbers. 




Easter. 


1 


XVI. 










22 M. 


8 


V. 


XIII. 


IL 


X. 




29 M. 


15 


D XVIII. 


VII. 


XV. 


IV. 


XII. 


5 A. 


22 




I. 


IX. 


XVII. 


VI. 




12 A. 


29 




XIV. 


in. 


XI. 


XIX. 


VIII. 


19 A. 


2 




XVI. 


V. 








23 M. 


9 




XIIL 


IL 


X. 


XVIII. 




30 M. 


16 


E 


VII. 


XV. 


IV. 


XII. 


I. 


6 A. 


23 




IX. 


XVII. 


VI. 


XIV. 




13 A. 


30 




III. 


XI. 


XIX. 


VIII. 




20 A. 


3 




XVI. 


V. 








24 M. 


10 




XIII. 


II. 


X. 


XVIII. 


VIL 


31 M. 


17 


F XV. 


IV. 


XII. 


I. 




7 A. 


24 


IX. 


XVII. 


VI. 


XIV. 


III. 


14 A. 


31 


XI. 


XIX. 


VIII. 






21 A. 


4 


! XVI. 


V. 


XIII. 






25 M. 


11 


II. 


X. 


XVI IL 


VIL 




1 A. 


18 


i XV. 


IV. 


XII. 


I. 


IX. 


8 A. 


25 




XVII. 


VI. 


XIV. 


III. 




15 A. 


32 




XI. 


XIX. 


VIII. 






22 A. 
26 M. 


5 




J\l, 


V. 


XIII. 


II. 




12 




X. 


XVIII. 


VII. 


XV. 




2 A. 


19 


A 


IV. 


XII. 


I. 


IX. 




9 A. 


26 


XVII. 


VI. 


XIV. 


III. 


XI. 


16 A. 


33 


XIX. 


VIII. 








23 A. 


6 


! XVI. 


V. 


XIII. 


II. 




27 M. 


13 




X. 


XVIII. 


VIL 


XV. 


IV. 


3 A. 


20 


B 


XII. 


I. 


IX. 


XVII. 




10 A. 


27 




VI. 


XIV. 


III. 


XL 




17 A. 


34 




XIX. 


VIII. 








24 A. 


7 




XVI. 


V. 


XIIL 


IL 


X. 


28 M. 


14 




XVIII. 


VII. 


XV. 


IV. 




4 A. 


21 


C 


XII. 


I. 


IX. 


XVII. 


VI. 


11 A. 


28 




xrv. 


m. 


XL 


XIX. 




18 A. 


85 




VIII. 








• 


25 A. 
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This Tatle shows tlie posaible combinations of each Sunday Letter with the 19 
Golden Numbers. The total number of Buch eombinations ia 133 (7 :< 19). The same is, 
of course, true of the lost Table, p. 81. We shall see a similar Paschal Table in the 
Gregorian Calendar, where each Letter is combined with 31 Epocts, making the total 
number of combinations 271 (in/ra. Art. 134). 

The Letter D ia taken first, because it is the Sunday Letter for the earliest possible 
Easter Day, viz., March 22. The only Golden Number that will give this day is XVI, 
Similarly, the only Golden Number that will give the other extreme limit (April 25) is 
VIII., combined with Sunday Letter C. These are the two necessary and sufficient con- 
ditions ; as XVI. and D were in the former extreme case. 

The greatest number of Golden Numbers which, in combination with any Sunday 
Letter, can give the same day of the month for Easter is fiee ; and the reason is that 
only 5 Golden Numbers, at most, can be included within the interval of 7 days. 

To find Eaater by this Table, tinder the Sunday Letter of the year loot for the 
G. N. of the year ; and the corresponding date is Easter Day : e.g., given Dom. Lett. 
D and G. N. XVII. ; we find by inspection that Eaater falls on April 13. 

For explanation of column headed "Almanac," see Art. 165. 



Concurrents, Eegulabs, and Keys of the Moveable Feasts. 

62. Bede {De Tempor. Eat., ch. 51; Ideler, ii, p. 261) defines the Conouirente to be 
the numbers which denote the day of the week on which the 24th of March falls, in the 
BQCcessive years of the Solar Cycle, in the scale. 

1 2 3 4 5 6 7 

Sun. Mod. Tu. Wed. Th. F. Sat. 

Now, the Solar Cycle began the ninth year before a.d. 1 [Vid. Table, Art. 27), aLeap- 
year whose Sunday Letters were G F. Now, as the Calendar Letter of March 24 is F, 
it follows that in the first year of the Solar Cycle, March 24 fell on Sunday, and, there- 
fore, ifa Concurrent was 1. The second year of the Solar Cycle, March 24 fell a day 
later, viz., on Monday, Concurrent 2 : the third year, on Tuesday, Concurrent 3 : tho 
fourth year, on Wednesday, Concurrent 4 ; the fifth year (Leap-year), on Friday, Con- 
current 6, and so on. They are called Concunents because the numbers nin on with 
the eourte of the Solar Cycle. 

The following Table shows the relation existing between them and each year of the 
Solar Cycle, with the corresponding Sunday Letters : which in the Juhan Calendar was 
m2 
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repeated in the same order during everj aucoessivo ojole. The asterisks denote the X^ap- 
yeara. 

Tablb I. 



Year, of 


Concur. 


Sunday 


Yean of 


Concur. 


Sunday 


Sol. Cj-ole. 


Letter. 


Sol. Cyole. 


Letter. 


* 1 


1 Sun. 


GF 


IS 


4W. 


c 


2 


2 M. 


E 


16 


5Tli. 


B 


3 


3 Tu. 


, D 


« 17 


7 Sat. 


AG 


4 


4-W. 


C 


18 


1 Sim. 


F 


* 5 


6F. 


BA 


19 


2M. 


E 


6 


7 Sat. 


G 


20 


3Tu. 


D 


7 


1 Bun. 


F 


* 21 


5Th. 


CB 


8 


2 M. 


E 


22 


6F. 


A 


• 9 


4 W. 


DC 


23 


7 Sat. 


G 


10 


5 Th. 


B 


24 


1 Sun. 


F 


n 


6 F. 


A 


* 25 


3Tu. 


ED 


12 


7 Sat. 


G 


26 


4W. 


C 


*13 


2 M. 


FE 


27 


5Th. 


B 


14 


3 Tu. 


D 


28 


6F. 


A 








* 1 


1 Sun. 


GF 








&c. 


&c. 





Here we see that the relation of the Conouirents to the Bnndaj Letter is — 
Concurrent, 12 3 4 5 6 7 

Sunday Letter, I" E D C B A G. 

To find the Concurrent for any year A. d., we have first to find the number of the 
Solar Cycle corresponding to that year, and compare that numberwith the corresponding 

Concurrent in the above Table. 

To find the Concurrent for any year a. d. («), we havel -^3- ) = the year of the Solar 
Cycle ; then look out that year in the above Table, with its corresponding Concurrent : e. g., 
Find the Concurrent for a. d. 63i3. We have ( — k^ — ] °^i 7^^ °^ Solar Cycle, oppo- 
site to which we find 4 the Concurrent : therefore the 24th of March fell on Wednesday 
that year. 

The Concurrents answer the same purpose as the Sunday Letters— viz., to find tlie 
day of the week corresponding to any given day of the year. They were an inrentlon 
of the Eafltems, as the Sunday Letters were of the "Westerns; and with the ItEaDtARs 
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were employed for the fin 'ling of the week-day on which the Eoater Full ilocn fell, as I 
now proceed to point out. 

The Calendar New Moodb vere indicated, as we have Been, by the Golden Numbers ; 
and the fourteenth day, reckoned from New Moon inoluflively, was the day of Ftill Moon. 

Hence, if we desire to know the day of the week on whioh the Easter Full Moon (four- 
teenth day) fell in any year a. d., in the Old Calendar, we first find the Golden Number of 
the year — [ I + ( vg ) ) ; and find the place of that Golden Number in the Paschal Table 

(Art, 60) : we there find the number of the year in the Solar Cycle [ ( -^h- ) ) ; and 
from the Table, p. 84, the corresponding Concurrent, wluch gives the day of the week 
on which March 24 falls that year. Count 14 days from the day of New Moon 
(incluBive) ; and we get the day of month on which the Paschal Full Moon falls ; and, 
knowing the day of week on which March 24 falls, we easily find the day of ueek on 
which the Full Moon falls. The /olloicing Sunday ia Easier Day. 

Beckon the number of days from March 24, exclufiive, to the day of Full Moon, in- 
clusive ; divide that number by 7, and add the remainder to the Concurrent of the given 
year, and we get (by omitting multiplea of 7) the number of the day of the week on 
whioh the Full Moon falls. If we divide the number of days elapsed between Maroh 24 
and the day of the Full Moon by 7, the remainder is called the Begular. 

Ex. 1. Find the week-day of Easter Monday, a. d. 532. 

G.N.-l.f^Ul., 



which, in Table, Art. 60, corresponds to April 5. The number of days between 
Maroh 24 and April 5 is 13, and the Begular is therefore 5. 
The number of the year of the Solar Cycle ia 

and therefore, by Table I. of this Art., Conourrent is 4, 

The number of the day of the Full Moon is therefore 5 + 4 = 2 (after striking out 
the 7) : ('. e., it falls on Monday. 

Ex. 2. Week-day of Easter Full Moon, a. d. 425. 

G. N. = Vin., and the FuU Moon therefore falls on April 18, which is 25 days dis- 
tant from March 24. The Eegular is therefore 4, 

The Conourrent is found to be 3, and 4 + 3 = 7: that is, the Full Moon falls on 
Saturday, 
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Ex. 3. Week-day of Easter Full Moon, a. d. 813. 

Gt. N. = XVI. : i. e.y Full Moon falls on March 21. This is 3 days before March 24 : 
the Begular therefore is 



(tI-- 



The Concurrent is 5, and 4 + 5 = 2 (leaving out the 7) : «. e., the Full Moon falls on 
Monday. 

The general expression for the Eegulars is easily found. Let P be the day of March 
(or of April, regarded as a continuation of March) on which the Paschal Full Moon 
falls, on every given year n ; then, if iJ be the Regular, 



iJ = 



P ~ 24^ 



(1) 



Let K denote the Concurrents of the given year ; then the tceek-d&j on which P falls 
is gfiven by this expression — 

Week-day of P = r^-^) • (2) 

As P depends on the Golden Number of the year, it is convenient to find the direct 
relation between the Golden Numbers and Regulars for any cycle of 19 years ; which 
relation will hold good for all such cycles. 

Now the inspection of the Paschal Table (Art. 60) shows that 

For G.N. L, P falls on April 6 = March 36 



» 


n., 


99 


» 


= March 25 


» 


in., 


• 


» 


13 = March 44 


>J 


IV., 


iJ 


99 


2 = March 33 


• • 


v., 

XVI.. 


&C. 

99 


99 


= March 22, 
&c. 

= March 21. 



Hence, 



For G.N. 



n., „ = 25-24 = 1 
44-24 



in., 

IV., 

v., 

XVI., 



7 /r 

'33 - 24 



= 6 



= 2 



= 22-24 = 22 + 7 - 24 = 5, adding 7, 

&o. 
- 21-24 -21+7-24 = 4 
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Hence the Sundays which follow next after February 1, February 22, May 10, and 
May 24, are, respectively, the above-named Sundays, 

To find the ClaviB Terminorum for any year, we have to find the number of days 
between March 10 and the date of the Paechal Full Moon. Now we have abeady seen 
(p. 86) that, for 

G. N. I., P = March 36 
„ n., „ = March 25 
„ III., „ = March 44, 
i&o, &c. ; 

BO that, if JT denote the Clavie for any year a. n., and P the date of the Faechal Full 
Moon that year, 

7r=P-10; (3) 

and, substituting the dates of P for the successive Golden Numbers, as given above (p. 86), 
we get for 

G.N. I., Jr=36-10 = 26 

n., „ = 25 - 10 = 15 

„ in., „ = 44 - 10 = 34 

„ IV., „ =33-10 = 23- 

V., „ = 22 - 10 = 12, 

&c. &c., 

80 that we have the following relations between the Golden Numbers and the cor- 
responding Claves : — 

Table III. 



ClavM, 2G, IS, 31, 23, 12, 31, 20, 



28. 17, ; 



25, U, 33, 



Hence, to find the Clavia Terminorum for any year, wo have only to find the Golden 
Number, and the corresponding number in Table III. is the required Clavis. 

E. g,, Find the Clavia for a. d. 532. Golden Number is I., and therefore Clavis is 26. 
Afi XVI. (March 21) -is the first Golden Number witliin the Paschal limits, the Mini- 
mum Clavis is 21 - 10 = 11 ; and as VIII. is the lost Golden Number within the limits 
{April 18), the nmj-imnm Claris is 39. 

According to some writers, the terms of Septuagesima, first Sunday in Lent, Easter 1 
Day, Rogation Sunday, and Pentecost, are one day more than those above stated — viz,,r 
January 7, January 28, March 11, April 1-j, aud April 29. But it is obvious that thisj 
merely makes the difference of a unit in the values of the Claves. 
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The alxive, respeotmg Concurrents, Regulars, ami On'vea, applies only to tlip Old 
Calendar, for which these auxiKary numbers were inTeiitud. 3Jut it is plain that they may 
also be applied to the Gregorian Calendar, by making use of the proper Paschal Table ; 
if the Golden Numbers be used, the suitable Golden Number Paschal Table ; or, if the 
Epacta be employed, using the corresponding Epacts. 

63. We have now, by means of the foregoing Tables, completely solved the problem 
of finding the Old Style Easter. It can also be done leilhoiit the unf of TiiblcK by 
means of a formula depending on the Golden Number aud the Sunday Letter. The 
investigation of this problem is as follows. 

First of all, wo must substitute for the series of Qolden NumberB another tsnm of 
numbers called " Epacts," having a fixed relation to the fonner. To End these new 
numbers it is only necessary to recall the process by which the series of Golden Numbers 
was itsolf constructed (Aii. 51). The " Epact," as here employed, " is the Calendar 
Moon's age at the end of any year, or, which is the same thing, at the beginning of the 
following year." Now — starting from G. N. III., affixed in the Calendar to Jan. 1, 
when the Moon's age was 0, and making the length of the Lunations 30 and 29 days, 
alternately — the Lunar year, consisting of 12 such months, will contain 354 days; and 
therefore, at the end of that Solar year (365 days) the Moon's age will he II days ; in 
other words, the Moon's age at the beginning of the following year (G. N. IV.) will be 
H. Similarly, at the fud of this year, and at the beginning of the following year 
(G. N. v.), the Moon's age will be 22. At the end of year V. the Moon's age will be 
33 days ; an intercalary month of 30 days is inserted, and 3 days left to be carried on to 
year TI. ; that is to say, the Epaot of year VI. is 3. At the end of year VI., and the 
beginning of VII., the Moon's age will be 14 days. Proceeding, in the same way, 
throughout the successive years of the nineteen-year cycle, — making an intercalary 
month of 30 days, when the Moon's age exceeds 30, and carrying on to the following year 
the remainder, which becomes the Epact of that year, — we arrive at the following aeries 
of 19 Epacts, corresponding to the 19 Golden Nimibers, each to each respectively : — 



11 S2 3 14 



The relation between each G. N. and its corresponding Epact may be thus ezpresaed. 
— Let N be any G. N., and t its corresponding Epact : 

_ 1^11 {N- 3)\ ^ ^11 N-^\ 
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Gl. The following Pasclial Table exliibits the relation between the Epacts and 
Golden Numbers, so as to enable us to see how the latter may at once be substituted for 
the former, in the finding of Easter Day. 



Days. 


Sun. 
Letter. 


G. X. 


Epact. 


Days. 


Sun. 
Letter. 


1 
G.N. i 


Epact. 


1 

i March. 








April. 


March. 


1 


1 
i 


21 


c 


XVI. 


23 


8 


39 


(J 






; 22 


]) 


V. 


22 


9 


40 


A 


XVII. 


4 




23 


E 






10 


41 


B 


VI. 1 


3 




24 


F 


XIII. 


20 


11 


42 


C 








25 


G 


II. 


19 


12 


43 


D 


XIV. 


1 




26 


A 






13 


44 


E 


III. ; 





1 


27 


B 


X. 


17 


14 


45 


F 








28 


C 






1 15 


46 


G 


XL 


28 




29 


D 


XVIII. 


15 


i 16 


47 


A 




1 




30 


E 


VII. 


14 


17 


48 


B 


XIX. 


26 


April. 


31 


F 






18 


49 


C 


VIII. 


25 ; 


1 


32 


G 


XV. 


12 ; 


19 


50 


]) 






2 


33 


A 


IV. 


11 ' 


20 


51 


E 






3 


34 


B 




1 


i 21 52 


F 






4 


35 


C 


XII. 


9 


22 53 


G 






5 


36 


B 


I. 


8 


23 


54 


A 






6 


37 


E 






24 


55 


B 






7 


38 


F 


IX. 


6 


25 


56 


C 







The Golden Numbers in this Table indicate as before (p. 80) the Paschal Full 
Moons, or fourteenth days after New Moon (inclusive); the con'esponding Epacts indicate 
the same. When the G. N. is given, the earliest day on which Easter can fall is the 
day after (15th), when that day is Sunday: for example, with the G. N. X., the earliest 
Easter is when the Sunday Letter is C, in which case Easter Day will fall on the day 
after the 27th, viz., the 28th of March. 

Now, let iVbe the G. N. of any given year, and P the day of the month next after 
that to which the G. N. is affixed, that is to say, the earliest Easter with that G. N. ; 
and let A be the corresponding Calendar Letter ; and let ir be the day on which Easter 
actually falls, and L the Sunday Letter of the year ; then, the equation for finding 
Easter is, obviously, 

TT = P + i - A. (1) 

For example, suppose the G. N. of the given year is X. By the Table we see that 
X. is afl^ed to March 27th ; the day after which (15th day of the Moon) is March 28; 
the corresponding Calendar Letter is C. Suppose, further, that E is the Sunday Letter 
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of the given year : then, as E is three places lower down than C, Easter Day will be 
three places lower down than P ; that is to say, it will fall on March 30. 

Returning now to the general expression above, we can always find L by the formula 
(4), (Art. 33) ; and P and A can be deduced from the Bpact (c), which, as we have seen, 
is itself a function of the G. N. We have, then, to find the relation of P and A, respec- 
tively, to €. 

Now, looking at the Table just given, we see that for the earliest possible Easter 

(March 22) P = 22; € = 23 ; and i = A = D = 4 (Art. 33 (4) ). Hence, in this parti- 

cular case 

P + € = 45, P = 45-e; (2) 

A + € = 27, A = 27 - e. (3) 

But it is easy to see that (2) and (3) are general; for, as P increases, c diminishes by 
the same nimiber ; if P becomes P •¥ a^ i simultaneously becomes c - a ; consequently, 
the sum of P and c is always constant. Similarly, the sum of A and c is also always 
constant ; because when c becomes € - at, A becomes \ + a. Now, as Easter cannot be 
earlier than March 22, the minimum value of P is 22, when, by (2), the corresponding 
value of £ = 23. If c > 23, we must instead of c write its complement 30 - c, so that, 

(2) becomes P = 45 + 30 - £ = 75 - € ; (4) 

and A = 27 + 30 - € = 57 - £. (5) 

Ab a denotes the number of a Calendar Letter, which cannot exceed 7, (3) and (5) 

must be written f — - — 1, ( — = — j ; that is to say, A will be the remainder after 

dividing (3) and (5) by 7. 

In (1), i - A may be = ; namely, when Easter Day falls on the 15th day of the 
Calendar Moon ; but it cannot be negative ; consequently, when A > i, we must increase 
L by 7, and then subtract A. 

By means of the above equation (1) we can, without the use of any Tables, find 
Easter Day, when the Golden Number {N) and Sunday Letter [L] are given ; or, as iV 
and L are both functions of the year number (»r), we CAnJind Easter Day from the single 
datum of the year number {x). For, 




iV = (^) (Art. 56) ; Z = 7 - y--^ J^ (Art. 33) ; 



, = v ^ 3^> ^" I (Art. 63); 

n2 
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A = f?I^'\ [ when € Mo< > 23; 



P= 75- 



E 



^ ^ /' 57 - A I when t > 23. 



Ex. 1. Find Easter Day for a. d. 1490. 

Here JV= IX. ; « - 6 ; P = 45 - 6 = 39;'2: = C = 3 ; 



X.(?I^').0,Z-X.3. 



Hence 7r=P + i-X=39 + 3 = 42of March 

= 11 of April. 

Ex. 2. Find Easter Day for a. d. 1207. 

Here iV^=XI;£ = 28; P = 75 -28 = 47; A = (^^^^) =1; 

i = G = 7; i = X = 6; 

.-. ,r = 47 + 6 = 53 of March 

= 22 of April. 

Ex. 3. Find Easter Day for a. d. 1424. 

Here iV= XIX. ; e = 26 ; i = A = 1 ; 

P=75-26 = 49;X = /^^^-^j =3; i - A = 1 - 3 = - 2 = 5; 

.'. IT = 49 + 5 = 54 of March 

= 23 of April. 

We shall see hereafter the modifications that these formulae undergo in their applica- 
tion to the Gregorian Calendar (Art. 137). 

65. As the New Moons of the Lunar Cycle recur on the same days of the month after 
the lapse of every period of 19 Julian years ; and as the same days of the week recur on 
the same days of the month after the lapse of every 28 years (the Solar Cyck^ Art. 26), it 
is obvious that by combining these two cycles, there results a cycle of 532 years (19 x 28), 
after the lapse of which the Calendar fourteenth Moons fall on the same days of the 
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month and week ttiat they did 532 years before ; and all the Moveable Feasts recur in 
exactly the same order as before ('). This famous Paschal Ci/cle is generally called by 
Chronologists the Vidorinn Period^'), from Victorius, Bishop of Aquetaine, who, at the 
request of Hilary, the Komau Deacon, drew up an Eaater Canon founded on this cycle ; 
which Canon was published by Hilary (after he became Pope) in the year 465. Vic- 
torius was not the inventor of this Great Pasc/in! Ct/ele. An Egyptian monk, Arianus, 
had employed it, half a century earlier, in his Clironogmphln, He was, probably, the 
author of it ; but this is not certain (■"). This cj'cle has been erroneously attributed to 
Dionysiufl Exiguus, and called the Dioi»jsiaii Period: and Scahger further errs when he 
states [DeCycUn Pascknlibus, p. 11) that Dionyaius constructed an Easter Table of 533 
years, which was continued by Bede from a. d. 1063 onward {'). What Dionysiua rmlly 
did was to adapt the 9o-year cycle of Cyril of Alexandria to his now era of the Birth of 
Christ ('). However, when a Paschal Cycle of 532 yeai's has onco been drawn up {by 
means of the cycle of the Golden Numbers, and the cycle of the Dominical Letters), it 
may be extended backwards to all years b, c, and forwards to all years a. d., prior to 
the Reformation of the Calendar by Gregory XIII, To find the year of this cycle or 
period corresponding to any year a. d. or n. c, we must know some one of the epochs 
■wheu it commenced ; in other words, we must find a year in which the Golden Number 
was I, and also the Solar Cycle 1. Now we know that a. d, 1 was 2 of tlie Golden 
Numbers, and 9 of the Solar Cycle : consequently, both a Solar and Lunar Cycle ended 
A. D. 75, and therefore so also did a Victorian Period ('), Hence a. ». 76 was the first 
year of a period, and so was 608, 1 140, &c. ; and in general, 76 + « ^ 532. To find what 
year of this period corresponds to any Julian year a.d., we have the following formula 
(where x denotes the given year, and V the corresponding year of the Victorian Period) — 



V 532 - 75\ 



532 



r + 457 \ 

532 }; 



If there be no remainder, x is the last year of a period ; if there be & remainder, it will 
express the year of the period corresponding to x. 

This period is employed in the useful work "On the Theory of the Calendar," by 
Francceur ; and also by the late Professor De Morgan, in his "Book of Almanacs." 



(1], As 10 and 28 arc prime to caoti other, 532 (^ 19 y 28) is the leaat oonuoon measure of both, nuJ 
therefore the shortest period after whii'h a. complete identity can be produced. 
(2). Vid. Idcler, ii., pp. 275, s,/. 
(3). lb. p. 462. 
(4). Ji. p. 292. The construction of this eyele from a.d. 532 to a.d. 1063 was the work of Bcde him- 
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self, as plainly ap|iears from liis own words, cited bj' Ideler, /. c If we will apeak of a Diunijtiiin Ptriod, 
we mast at least .distinguisli it from the Victorian, by assigning B. C. 1 ns the epoch of the former, anil 
B.C. 28 as that of the latter. 

(5). Iq the Epiilola ad Fetroniiim, which formed the preface to hia own Easter Table of 95 jean, 
Dionysias expressly says, " Nonaginta quiaqne annorum bimo cycluni studio quo voluimus expedire con- 
tend im us."— Vid. Ideler, I. c, p. 292 ; and Jon. Hist, Cyd, Dion,, p. 47. 

(6). This may be arrivtd at thus. Let x be the number of years after A. D. 1, at which the cycle 
commences. Then, to determine x, we have the two oonditiona — 



Hence " 
tttneoufdy. 



.r + 1 = 

X + 9-- 

From {1) s must = some on 
From (2) x must = some on 
T6 A. n. is the earliest date 



mult. (19) 
= malt. (2R). 

' of the scries 18, 37, 50, 73 . 
: of the series li», 47. 15 . . . 
it whi.>h a Holar and a I.nni 



66. If the Golden Numbers and Sunday Letters be determined for one period of 
532 years, we can find them, as already said (Art. 65), for an;/ year whatever, before or 
after that period, by finding the rorrfispo/iding year of the period so determined. Thus, 
if the Golden NuraberB and Sunday Letters for the first 532 years a. d. be ascertained, 
we can find the Old Sli/k Golden Numbers and Sunday Letters for any year whatever 
A. D. ; for A. D. 533 will have the same Golden Numbers and Sunday Letters as a. n. 1 ; 
534 as 2 ; 535 as 3 ; and so on. To find the year of the period corresponding to any year 
[x) A. I),, we have only to divide the year number by 532, and the remainder will be the 
corresponding year oE the oyole. Tlie general formula is 



Thus, for example, if we require the Old Style Golden Number and Sunday Letter for 
the year a. d. 3085, we have 



I 532 }r " 



425: 



showing that a. d. 30S5 has the same Golden Number and Sunday Letter as a. d. 425. 
The great advantage of this period is that it gives lis both the elements necessary for the 
determination of Easter — namely, the Golden Number and Sunday Letter, together. 

For the years b. c. there are, of course, no Easters, nor Sunday Letters, properly so 
called ; but, by the Victorian Period, we can find, as above, the Golden Numbers and 
seventh-day Letters for any year b. o., hy determining the corresponding jeax of the same 
period, as above. To find this, we have only to hear in mind that, since a. d. 1 carre- 
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sponds to year 1 of that period, the year preceding a. d. 1 — namely, b. c. 1 — will be the 
last (532nd) of the preceding period ; n. c. 2 will bo the 53lBt ; b. c. 3, the 530th ; and in 
general, if V denote any year of any period, 

r= 532 - (^ - 1) = ;^ X 532 - (^ - 1) ; 

where n is to be taken so that n x 532 maybe the next multiple of 532 above ir - 1. 
Ex. 1. Find Golden Number and Sunday Letter for b. c. 151. 
Here it = 1 ; and we have the year of the period — 

F = 532 - 150 = 382. 

Hence, the year 382 a. d. will give the required result. 

Ex. 2. Find Golden Number and Sunday Letter for b. c. 1096. 

Here n = 3, and V = 1696 - 1095 = 501. 



Hence the year 501 a. d. will give the required result (*). 



(1). De Morgan, "The Book of Almanacs," London, 1851, gives a complete Victorian Period of 532 
years, from a. D. 1 to 532, which repeats itself for ever in the Julian Calendar ; each successive period 
commencing with A. d. 533, 1065, 1597, &c., respectively. 

67. "We have now considered the three great cycles employed in the construction of 
the Church Calendar — viz., the Solar Cycle, the Lunar Cycle, and the Victorian (Diony- 
sian) Cycle, or Period, which is a compound of the other two. It remains to say a few 
words respecting a fourth cycle, extensively used in chronological dates, from the fourth 
century onwards through the Middle Ages. I mean the Cycle of the Indidion (*J. This 
is a period of 15 years, reckoned consecutively as Indiction 1, Indiction 2, &c., up to 15 ; 
after which the cycle recurs in the same order. The first express mention of it as a 
chronological date(') is in an edict of Constantius, a. d. 356 or 357. By the author of 
the Paschal Chronicle, its origin is assigned to the time of Constantino, and its e2)och fixed 
on September 1, a. d. 312. Dionysius Exiguus followed him (^), and gave the Rule for 
finding the Indiction corresponding to any year a. d., which has been repeated in all 
works on Chronology : — viz., "Add 3 to the year a. d., and divide the sum by 15 : if 
there be no remainder, the Indiction for that year is 15 ; if there be a remainder, that 
remainder is the number of the year of the cycle." Hence, 

l5" 
is the general formula, x being the given year. 
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Acc'oitling to this Eule, a cyole eittlcd \. d. 312 ; because 312 + 3 •= 315, whioh, di- 
vi'led by 15, leaves no remainder. 

But this apparent contradiction is removed when we remember that, wliile a new 
cycle began on the 1st of September that year, the preceding cycle ended on the Slat of 
August ; and the same is true of all the Indiction Cycles — one cycle enda and the other 
begins m the same year. The Rule above gives the Indiction which belongs to the 
(ireafei- part (the first eight months) of a year : if we require the Indiction which begins 
in a year, and to which the last four months belong, we must add 4, instead of 3, to the 
year number ; that is to say, the formula is 



V 15 ,V 
— rW. Ideler, ii. 357. 

Thus, for the year 1875, the Indiction given by the Rule is 3 — 
/ 1875 + 3 \ 
V 15 }/ 
but that Indiction ends on the 31st of August, and a new one begins on September l('), 

{1}. Vid. Sic ZT. AVeofat, Chron. of Hist, p. 6; /rfflfcr, i. p. 72 ; ij. pp. 317-364. The probable eause 
why the oyde contained ISyears waa that a provincial eeatu; for taxatioa, took place after aniiilen-al of 
three Itoman Lustra. 

(2). IMer, Ji. 332. 

(3). lb. 356. Otbei's, and among them the authoi's of '■ L'Art de Verifier Ieb Dates," give 313 ai the 
Epoch. 

(4). Beaidea the Indiction Cycle described in the teit, there are usually reckoned three others, also of 
15 years each, but differing as to the day of their eonimencement. The Imperial, or Cieaarean, began on 
September 24 ; the Roman, or Pontifical, on Joniuiry 1 ; and the French began in October. — Tid. Kifii- 
lat, 1. c, p. 7 ; and Tdelar, 1. c, pp. 359-364. 

68. If WB midtiply together the three eyclical mmibera 28, 19, and 15 (the Solar, 
Lunar, and Indiction Cycles), wo get 70S0. A period of 7980 years will, therefore, 
bring rouud the years of the three cycles again in the same order ; so that each year of the 
compound period will hold the same place in each of the three component cycles as the 
corresponding year in the preceding period. And as the above three cyclical numbers are 
prime to each other, it follows that no two years in the compound period can hold the 
same place in aU the three component cycles. Hence, to specify the numbers of a year 
in each of these cycles b, in fact, to identify the year in the period ; provided the year 
be contained within the period which embraces the whole of authentic Chronology. 

Vice wi'Bii, if any year of (ho period be given, we can find the corresponding 



THE CALENDAR. 



97 



cyclical numbers, wliifli are the remaiudera ariBing from di'tiding that year by 28, 19, 
and 15, respectively. For example, the year 6539 of the period has 15, 3, 14, for it« 
numbers in the Solar, Lunar, and Indiction Cycles, reapectively. 

This period of 7980 years was called by its inventor, Joseph Scaliger, the Julian 
FEniOD, because it reckons by Julian years ('}. Scaliger is supposed by some to have 
learned it from the Greeks of Constantinople. However this may be, its utility is so great 
that it has been employed by all Chronologera Fince his time: and Ideler, a most oom- 
petent authority, says (i. 77) of it, that by means of it light and order were first intro- 
daoed into Chronology, The period contains 28fi Solar Cycles, 420 Lunar, and 532 
Lidictions. 

(1). rid. J. Scaliger, Emend. Terapor., lib. v., p. 359 ; edit. 1629. 

69. The answer to the question " Given the three cyclical niimberB belonging to any 
year of the period, to find that year," depends on the solution of a problem in indeterminate 
analysis. But instead of directly solving this problem, it is preferable to determine 
what year of the Julian Period corresponds to the first year of the Christian Era ; because, 
when this has been done, it is easy to determine the relation between all the other years 
of the Julian Period, and the corresponding years of the Christian reckoning, and thus 
to solve indirectly the problem above stated. 

To find the year of the Julian Period coiresponding to the first year of the ChriB- 
tian Era, we have the following data : — In A. D. 1 the number of the Solar Cycle was 10, 
of the Lunar Cycle 2, and the Indietion 4 : and the problem is to find a number auoh 
that, when divided by 28, 19, and 15, the remainders shall be 10, 2, and 4, respectively. 
Tha required number is 4714 ('). Hence, if n be any year a. d., and x its equivalent in 
the Julian Period, 



To reduce any year b. c, («') to its equivalent year in the Julian Period (j-), subtract 
it from 4714, or j: = 4714 - u' : e. g., b. c. 5 = 4709 of Julian Period ('). If 4714 - ..' 
be negative, we must add such a multiple of 7980 as will mate it positive. 

To reduce a Julian Period to the Christian Era, we have (if we know that the year 
lies between 4714 b. c. and 3267 a. d.) the Bule : — 

Subtract the year of the Julian Period from 4714, if it be less; the result gives 
years b. c. : subtract 4713 from the year of the Julian Period, if it be greater ; the result 
gives years \. u. Thus, 4709 gives u. c. 5 ; 4743 gives a. d. 30. 
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(1). The following is Ideler's solution of the problem (ii. 687) : — 

Let P be the year of the Julian Period which will coincide with A. d. 1 ; then, by the conditio nt of 
the question, P, when divided by 28, 19, and 15, successively, gives remainders 10, 2, and 4. 

« - 10 
(1). Hence ■ must be a whole number— call it A : then j; » 28 ^ -I- 10. 

x-2 28-4 + 8 .9^ + 8 
(2). -^g-' ®^ —19 — = ^ + -"ig— = ^ integer, 

9 ^ , g 
and, therefore, — — — = an integer, —call it^ : therefore 

■ 

, 19B-8 „„ J-8 
A ^_=2i» + -^: 

therefore — - — is also a whole number— call it C: then J9 s 9 C+ 8, whence, by substitution, 

^ = 19 e+ 16 and :r = 532 C+ 458. 
(3). But 



therefore, so also is 



Then 



jf-4 532 C+ 454 .^ ^ ^^ 7C+ 4 

— TT-, or 7^ « 85 C + 30 + — ;-= — = an integer: 

10 10 10 

7C+4 . . « 

— p — = an integer = x>, say. 



2)-4 
therefore — — s an integer ^E^ say: then 2) ^ 7 ^ + 4, and .*. C » 15 ^ + 8, and hence, finally, 

X = 7980 E + 4714. 

E may have any integer value, including 0: therefore the least value x can have is 4714 : i. e., A.. D. 1 
corresponds to the 4714^A year of the first (unexpired) Julian Period, — Vid, also Delambre, Astr. Theor. et 
Prat. ; and Encyd. Brittan., Art. " Calendar." 

The following is the Rule given by Beveridge (Instit. Chron.) to find the year of the Julian Period, 
when the year of the Solar Cycle, the Golden Number, and the Indiction, are given : — ** Multiply the year 
of the Solar Cycle by 4845 ; the Golden Number by 4200 ; and the Indiction by 6916 : add, and divide the 
sum by 7980, and the remainder is the required year of the Julian Period." 

To prove this Rule, call n the number of the year a. d. ; a, 6, c the numbers of the Solar and Lunar 
Cydes, and the Indiction, respectively : then— 

n s mult. 28 + a - 9, 
or a = n -I- 9 - mult. (28). 

Similarly, 5 = n + 1 - mult. (19), 

c = n + 3 - mult. (15); 
7 4845 g^- 4200 6 + 6916 c \ ^ / 15961n + 68553 \ ^ / n + 4713 \ 
•*• \ 28x19x15 )r'\ 7930 )r \ 7980 )r 

m number of yeir of Juli vn Period, by this Article. 



THE CALENDAE. 



99 



(2). With respect to the numbering of yean b. c, the praotioe (as before obsenred) is not nniform. 
Chronolog:i8ts reckon the year preceding a. d. 1 as the first of the backward (or b. c.) series. In this case 
x K 4714 - n', as 1 have taken it. Astronomers, on the other hand, in order to keep up the co&tinuityi 
mark with the year before a. d. 1 {vid. Art 21) : and consequently, with them j; ^ 4713 - n\ 

70. It haa already been observed (Art. 59), that the earliest and latest dates of 
Easter Day are, respectively, March 22 and April 25. The following Table shows the 
different years, from the commencement of the Christian Era to the date of the Refor- 
mation of the Calendar (1582), in which Easter Day has fallen on these extreme limits. 



Blarch22, 


1 
Interval. 


April 25, 


Intenral. i 


A.D. 




A.D. 




72 




45 






247 years. 




95 years. 


319 




140 






95 „ 




247 „ 


414 




387 






95 „ : 




95 „ 


509 




482 






95 „ 




95 „ 


604 




577 






247 „ 




95 „ 


851 




672 






95 „ 




247 „ 


946 


1 


919 






95 „ 


r 


9o „ 


1041 




1014 






95 „ 




95 „ 


1136 




1109 






247 „ 




95 „ 


1383 


, 


1204 






95 ,, 1 




247 „ 


1478 


1 


1451 






95 „ 




95 „ 


1573 


1 
1 

1 


1546 

1 





Inspection of the above Table shows that, from the commencement of the Christian 
Era down to the year 1582, Easter Day has fallen on tbe 22nd of March only twelve 
times, and on 25th April also only twelve times. It appears further, that in the 1st, 
4th, 6th, 6th, 7th, 10th, 11th, 12th, 15th, and 16th centuries, both occurred; while in 
the 3rd and 8th neither took place. It results, moreover, that the intervals of occuiTcnce, 
in each case, are the same ^though differently distributed), viz., 95 and 247 years, which 

o2 
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are multiples of tlie Lunar Cycle : 19 x 5 and 19 x 13. The longer intervals (247 years) 
are eepamted from eaoh other by three intervals of 95 years each. This is equi- 
valent to saying that the Victorian Period of 532 years falls into four lesser periods — 
one of 247 years, tiie other three of 95 years each ; in the last year of each of 
which four periods Easter Day falls on one of its extreme limits. For instance, in the 
532 years from a. d. 72 to a.d. 604, Easier Day occurs in both these years on March 
22nd. But it also falls on that day three times during the whole interval, viz., A.n. 319 
(interval of 247 years), 414, and 509 (intervals of 95 years), the latter date being 
itself removed 95 years from a.d. 601. "We shall see hereafter how this law, respect- 
ing the extreme Paschal limits, ia modified in the Gregorian Calendar, 

71. The reason of this law of succession may he easily seen. And first for March 22 : 
the conditions of this case are two, viz.; lat, the G. N. of the year must be XTI., and 
2nd, the Sunday Letter must be D. Now, from the expression for the G. N. of any 

year a;, viz. (-Tq-l , it is plain that A.D. 15 is the first year whose G. N. is XVI. The 

next is a.d. 34 ; the next 53 ; the next 72. But none of these except 72 fulfils the 
other condition of having the Sunday Letter D : consequently a.d. 72 is the first year 
in which Easter fell on March 22. It was Leap-year, its Letters being E D, the latter 
being the Easter Day Letter. 

To find in what years Easter fell on March 22, we have the conditions— 



^72, 



(1) 



where m is an integer ; also \ 
D; or, 



= 5, since 5 corresponds to Sunday Letter 



Substituting from (1) in (2), we get 



*(!)_- mult. (7) + 6. 



(2) 



(t^).""""-''*- 



(8) 



This last condition gives ua 95 >,i = mult. (28) + r, where r must be either 0, 1, 2, 
or 3. 

95 m-r . U m- r . ^ 

Hence, — gg — = integer, .-. — qq'- = integer = A, say; 



thus, 



thus, 
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28 A +r . . , . 6^ + r -, 
r:j = integer, /. so also is — =^j — = B ; 

115-r . ^ - .65-r ^ 
g — = integer, .*. so also is — ^ — = C; 



then, 



6C + r . . C+r . . ., 

— r — = integer, .*. — ^ = integer = 2/. 



Thus, 



C- 5JD-r 
5= 62)-r 
^ = llJD-2r 
m-282)-5r, 

where D may have any integral value, so as to make m positive. 
If we put 2) = 1, and r successively 0, 1, 2, 3, we get 

m = 28, 23, 18, 13. 

Putting D ~ 2, and r as before, 

m = 66, 61, 46, 41. 

The corresponding values of x are, by equation (1), giving them in the natural 
order, 

ForD«l, x= 72 + 247 = 319 

x= 72 + 247 + 96 = 414 
a? = 414+ 95 = 609 
a? = 609+ 96 = 604, 

the last completing the Victorian Cycle of 632 years. 

For D = 2, x = 851, 946, 1041, 1136, 

successively, and so on for higher values of D. 

Thus the four smaller periods into which the whole period of 632 is divisible follow 
this law : — Beckoning from the beginning of a whole period, a. d. 72, the first sub-period 
occurs after 13 x 19 (= 247) years ; the second, after 18 x 19 (= 342), t. f ., 95 years 
after the first ; and similarly, the other two sub-periods follow at intervals of 95 yean 
each(^). 

In the same way, we can prove the law of the succession of Easter Days falling on 
April 25 — the other extreme limit. The condition for this is G. N. YIII. and Sunday 
Letter C (Art. 59). Now, the first year of G. N. YIII. is a. d. 7; but the Sunday Letter 
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for this year is not C but B : and in fact the first year which satisfies both conditionB 
is A. D. 45 (7 + 2 X 19). 

Hence, for our first condition we have 

iT = 46 + 19 m, (4) 

m being integral ; and as C corresponds to 6 in the scale, the second condition is 

a? + ( J ) = mult. (7) + 7 = mult. (7). 

By substitution 

19 w + 45 + (i^-^^") + 11 = mult. (7), 

Proceeding as before 

95 w + 1 - mult. (28) + r, 

where r is 0, 1, 2, 3, in succession. 
So 

11 m + 1- r 



or 



28 



integer » A, 



TTj = mteger « -B, 



and 



55- r - 1 . , ^ 
g = mteger = C, 



= — ■- = mteger = 2>. 



Hence, 



and finally, 



C=52)-r-l;5 = 6i)-r-l; ^«llD-2r-l; 



w* = 28 JD - 5r - 1 = 5 + 28D - 5r. 



For i> = 0, m = 5, 0; 

JD = 1, m = 33, 28, 23, 18 ; 
i) = 2, m = 61, 56, 51, 46 ; 
and the whole series of values of m are 

0, 5, 18, 23, 28, 33, 46, 51, &c. 
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The corresponding values for a*, from equation (4), are 

45, 140, 387, 482, 577, &c. 
The Victorian Period, reckoned from 45, therefore, may be divided into four smaller 
l)eriods, which follow one another at the following intervals, beginning with 45, 

95, 247, 95, 95. 
We shall see hereafter (Art. 147) how the above law of succession is modified in the 
Gxegoiian Calendar. 

(1). We miglit solre the problem quite generally, thus : — 

liOt X be the year a. d. in which the G N. XVI. and Sunday Letter D concur : then to find x we 
have 

(4^).- ■•■ 

or « s 19 m +16, where m is an integer. 



(ii«k:)...„.,(:) 



Alao I yf *" j « 6, or « + f j « mult. (7) + 6. 

By substitution, Vd m \ 16 + f — y-^"-) + 3 = mult. (7) + 6 ; 

or, (!ij^)^«niult.(7)-12. 

Proceeding as before, we get 

96 nn 3 = 4 {mult. (7) - 12} + r, 
where r must be 0, 1, 2, or 3. That is 

96 m + 61 - r a mult. (28) ; 

96m + 61-f .^ llm + 23-r .^ 
or, -^ « integer, .-. ^ = integer - A, say ; 

28^-23 + r . ^ , 6^ + r-l . ^ 
.• Tj = integer, and = integer » Jr. 

Bo «6 integer, and — = integer = C 

o o 

Thus B integer = 2>, say : 

and therefore C= 62>-r+l 

-B = 6 2)-r+ 1 
^=Ui>-2(r-l) 
m=28i>-6r+3. 

For 2) = 0, r = gives w = 3. 

D = 1, r = 0, 1, 2, 3, gives m = 31, 26, 21, 16. 
2> = 2, r = 0, 1, 2, 3, gives m = 69, 64, 49, 44. 
By substituting in equation (1) of this Note, we get for x the successive values 

72, 319, 414, 609, 604, &c., as before. 
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12. During tlie eight centimes between the time of Charlemagne and the close of the 
Bixteonth century, the Alesnndrian Easter Canon, which in Western Europe was called 
the liionysiftn Canon, was iiniveraally accepted and followed, and no difference existed 
regarding the time of celebrating Easter. A new dispute, however, then arose on thia 
subject, which has never since been entirely settled. 

The Dionysion Easter Canon rests, as we have seen, on two Buppositionfi, neither of 
which is strictly accurate ; viz., 1', that the Tropical year consists of 365| days exactly ; 
and 2°, that 235 Synodic Lunations are exactly equal to 19 such (Julian) years. 
Now, the exact length of the Tropical year is (Art. 11) 365^ 5'' 48" 47-46*, that is, 
11"" 12 ■54" less than the Julian year; while 235 Synodic Lunations are l"" 28" 46'33' 
shorter than 19 Julian years {'). The former error (that of the Julian year) would 
accumulate to 1 day in about 128 J years ; or to 7 days in about 900 years. The lattflr 
error (that of the Lunar Cycle) would amount to a day in 308 years. Clavius, and the 
other mathematicians who corrected the Calendar for Pope Gregory, assumed the former 
error to amoujit to 1 day in 134 years, or 3 days in 400 years ; and the latter error they 
made to be 1 day in 312^ years, or 8 days in 2500 years ('). The effect of these errors 
was that the Vernal Equinox and the mean New Moons gradually fell earlier and 
earher in the yeai' than they should have done had the Julian year been exact ; the 
Equinox, at the rate of about a day every 128 years ; the New Moons, about a day every 
308 years. An obvious consequence of this was that neither the Immoveable nor Move- 
able Festivals remained in the places originally assigned to them in the Julian year. 
The former, being fixed to a stated day of the month, were occurring later and later in 
the actual Tropical year ; and the Moveable Festivals, depending as they did on the 
Julian Vernal Equinox (March 21), were also fulling later and later in the actual year. In 
other words, as the Vernal Equinox was fixed in the early Church to the 21st of March ('), 
about which time it then actually fell (Art. 41, Note 6), the effect of mating the year too 
long was that the nominal 21st of March was every year falling behind, or /a(er than, the 
actual Equinox ; or, which ia the same thing, the real Equinox was ocourriug sooner than 
March 21. In process of time, the seasons of the year, which ai-e reckoned with reference 
to the real Equinox, were shifting Jirc^irnj-rfs; and in the course of about 47,000 (365 ■* 128 
= 46,720) years would have retyogt-adpd through the whole year. The Immoveable 
Festivals, determined by the Julian Calendar, would always be faUing later and later 
in the actual year, bo that, e. g., the Annunciation (25th March) would, in the course of 
time, take place at Midsummer. Similarly, Easter, which by the ancient rule was 
connected with the Julian 2l8t of March (Art. 41), would gradually fall more and more 
behind (or later than) the true Equinox ; and in the courEe of time, it and all its depen- 
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dent Festivals would full successively in every season of the year, and iudeed on every 
day of the year. 

At the time of the Refonnation of the Calendar by Gregory XIII., the error arising 
from the Julian year being too long amounted to very nearly 10 days ; so that the true 
£q^uinox had receded nearly 10 days [') from the nominal 2l8t of March. And the error 
of the Lunar Cycle amounted to more than 4 days (*), so that the fourteenth day of the 
Culendar Moon, as shown by the G. N., was the 18th of the tnean Moon. Easter 
■was no longer celebrated (as it ought to have been) from the 15th day of the Moon to the 
2lBt, inclusive, but from the 19th to the 25th, inclusive. So that, in order to find the 
place of the mean New Moon it waa usual to ascend (or go back) from the place of the 
current G. N. to the fifth day inclmive; which was done by the following five Byllables, 
in eee!i$ est hie : or these, hie iwrit hiiio; or those, in eeelo luna. 

For example, suppose the G. N, of the year was IX., which was affixed to March 25, 
the place of the mean New Moon was the 21st (the Sfth day higher up) : 
Hie no - va Lu - na, 
21 22 23 24 26. 

Had no correction of this source of error taken place, it is obvious that in the ootirse 
of time Easter Day would have been celebrated about the time of actual Ntte (instead of 
Full) Moon ('). 

(I). Julian ytar = 365-20'' = 365' 6^ 

(o) Tropical yen r = 365'242216' = 365* o" 48'" A'-i& 

Difl- = -007784 = 0^ 0'' ll- 12-M' 

(6) Mtan Aitrmomical Limation = 29-o305887* = 29'' IS" 44" 2-87'. 



19 Julian yean = 

335 Sltnn Litnatioia = 235 x 



Diff.,= 



V 28- 46-73' 



f =2&' 12''44'"23-5', difiering fiom Moon Astronomical 



Mten Caleiuiar Lunalion = 
Lunation by about 22'. 

(2). Claviiit (p. 74), following the Alphoname Tables, made the length of the Trupical jear to hv 
365' 6'' 49" 40* : t. e., 10" 4J' shorter than the Julian year ; which would amount to a day in about 134 
yea»; or 3 days in about 400 years. The Sjnodio month he took (p. lO'J) to be 29-' 12" 44" 3-11)'. 

(3). Sosigeneg, who effected (b. C, 45] the Julian Rofuraiation of the Calendar, assigned the Temal 
Equinox to the 25th of March. It actually took place, then, according to Delambre's Tables, on the 23rd. 
Supposing Sosig^nea to have been right, and allowing 1 day in 129 yeora for the regrowion of the actual 
from, the nominal Kquinoi, the actual Equinox would, by oalculation, fall on the 22nd of March, at the 
time of the Sicene Council (45 B.C. + 325 a. n. = 368; wliiuh, divided by 129, gives nearly 3). ItaL'tually 
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fell on the 20t!i, The Computiats reckoned it aa fulling on the fllst, and it was determined that tiii day 
should always he reckoned the day of the Vernal Ei[uinox. 

(4). 1582 - a25 = 1257 years. Hence, 1257 x ■007784 (Note 1, ahove) = 9-79-15 days. By Dehunbrc's 
Tables the Vernal Equinox in 15S2fellon Moicli 11, 1 o'otock, A..U. 

(5). 308' : V :: 1257' : 4' (nearly). 

(6). This would take place as soon as the mean New Moon should have receded 15 days from the Calen- 
dar Uuuu, shown hy the Oolden Number, which would happen about A. D. aOOO. For, as the reocHion, 
reckoned from the date of the Council of Sio^a (a. d. 32a), is at the rate of 1 day in 308 years, we have 
the proportion I'' : 308' :: 15* :-4620'. To which adding 325, we get 4945 a. d. 



73. Attention was tumetl to this matter, in the West, as early as the beginning of 
the thirteenth century (rid. Art. 44) ['). In the East, also, towards the end of the four- 
teenth century (1372), Isaac Argynis, a Greek monk, wrote a tract on the subject ('). In 
the fifteenth century the subject was brought before the Council of Constance (1414) hy 
Cardinal P. d'Ailly, and before the Council of Basle (14:J6) by Cardinal Cusnmes. They 
were tlie first who suggested the omission of certain days, in order to restore the Equi- 
nox to the 21st of March, Towards the end of this century (1475), Pope Sixtus lY. was 
most desirous to effect the Itcformation of the Calendar, and summoned the famous 
astronomer, Johannes Regiomantus, to Rome for that purpose. But the latter died the 
following year, before the undertaking was sufficiently matured. It was again mooted 
in the Lateran Council under Pope Leo X. {') ; but more urgent matters interfered wilh 
it. At last, the Council of Trent formally delegated the task of reforming the Calendar 
to the Pope ; and Gregory XIII., who attended this Council as a jurist, carried out this 
reformation in the year 15^2. Among the various proposals submitted to bim ('), he 
approved most of that the author of which was Luigi (Aloysiua) Lilio('), a native of 
Calabria. A compendium of this work of Lilio's was sent round by the Pope, in 1577, 
to all the Christian princes and the most famous universities, in order to obtain their 
opinions respecting it (*)■ A general approbation having been expressed, a commission 
was then appointed by the Pope to carry out the work. The principal member of this 
commission was a German Jesuit of Bamberg, a distinguished mathematician, named 
Christopher Sehliissel, better known by his Latinized name Claciiis. To him the Gre- 
gorian Calendar in its present form is mainly due. The commission drew up, on the basis 
of Lilio's plan, and with a few changes in it, certain " Cmiones in Cakudariitin Gregorianum 
perpefuum ; " and thereupon the Pope published a Bull founded on these Canons, dated 
February 24, 1581, enjoining the use of the Reformed Calendar ('). Clavius' great work, 
already so often referred to {Eomani Calendariia Gretj. XIII., Pont. Max., reistituti ex- 
plicatio, dementia VIIJ. j'usm edita), in which the whole subject is developed and 
exhaiuted, did not appear till twenty-one years after (1603). 
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In the Bull just referred to, the reformation effected by Gregory's direction is thus 
described : — " ConsidemnteB nos ad reclam Paschalis Feati celehralionem tria neceasario cott- 
jungenda et siatuenda esse, primum, ceriam Vemi j^quinociii sedem ; deindc reclam poaitio- 
tlfm xiv. LuiUEprimi nicnsis, quiP re! in ipsum j^quiiioctii diem iiicidil, vel ei pronme succedit ; 
poalremo, prinium quemque diem Daminicum qui e/indem xiv. Lunam sequiftir, citraeimuB non 
tolum j^quinocliam Vei-inim in pristinam sedem, a qua jam a Condlio Nicano decern circitfr 
diebiii recessit, reslituendum, el xiv. Pasehalem siio in loco, a quo quatuor el eo ampUus dies 
hoc tempore dinfat, reponendam ; sed viam giiogue trtidcndam et rationem, qua cavealur ut in 
poitcrum j^qitiiioctium et xiv. Luna a propriis aedibus nunquam dimoveantur" 

(1). The firet work on the aubjeot vni snonymoaa ; the kutlioT was graerallf supposed to be Vincea- 
Hu8 BellovBcenjiB. Heraog, EnoyoL, vol, vii. p. 230.— Vid. Clavius, PrmEmium. 

(2), This essay ie to be found in Petaviug' Uranologium, pp. 204, iq. 

(3). PauioM Miildelburg. addressed an urgent appeal ttt the Council on the sabject, in which he ipeciallf 
■dvised the oonection of the " Namerm aureui, qui diufurm'tale lemporis jam faetui ett plumbeut." 
{IdeUr, ii. p. 300). 

(4). Vid. Cla,ii,s, Procpmium. 

(5). Vid, Iileler, ii. 301. It is usual to apeak of the brothers Luigi and Antonio LiUo aa the authors of 
this plan. But Antonio, who was a physieian in Rome, had no port in the work, eioept that he pre- 
■ented his brother's tract to the Pope. In the Pope's Bull we And, " Dura itaque nos in hao ci^itatione 
cnraqne Tersaremur, allatus est nobis liber a dileoto lilio, Antonio Lilio, ortium et medicinoi doctore, 
quem quondam Alojsiua, ejus gennanus frater, conscripserat." 

(0), This abstract of Lilio's book is printed by Clavius at the beginning of his own great work 
(pp- 3. »7-)- 

{1). This Bull is giyen at length by Clavius, /. c, p. 13. 



74. Before proceeding to show how the three great objectB indicated in the 
Papal Bidl just quoted were attained, it may be useful to dwell, a little more fully thiin 
has been done in Art. 72, on the actual state of the Cliureh Calendar at that time, and 
the inconsistencies and perplexities in practice occasioned by its errors. It constantly 
happened that Easter Day was kept in direct violation of the Canons laid down by the 
Ancient Church (Art. 41) for its celebration. The/*'s/ month (in which Eastor must be 
kept) was defined to be that month whose fourteenth Moon falls on the day of the 
{actual) Vemal Equinox, or follows next after it. Now, as we have seen (Art. 72], the 
Vernal Equinox adiially took place, in the sixteenth century, on the 11th of Marcli. 
Hence it follows that all the fourteenth Moons, from the Uth of March (inclusive) to tlie 
20th of March, belonged to the first month, and were, accordingly, true Paschal Moons, in 
BO far as they fulfilled the condition respecting the Equinox. But, on the other hand, 
as these Moons occurred before the 21st of March, to which day the ancient Canons 
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asBuining the oxnetncGs of llic Julian year, fixed the Equiuox (Art, 41), they were not 
true Fasohal Moous, and were, consequently, always rejected by the Church as belonging 
not to the Jirat month of the year, but to the last month of tlie preceding year. But in 
thus avoiding one violation of the ancient Rules, another was unavoidably incurred — 
namely, that of celebrating Easter in the sfcond (instead of the/rsf) month, whenever a 
fourteenth Moon followed March 10 and preceded March 21 : because these fourteenth 
Moons, not being Paschal Moons in relation (o March 21, did not become 80 until the 
following month, which was the srcotid. The Golden Numbers giving rise to this contra- 
diction were, aa the Paschal Table {Art. 60) shows. III., VI., VIII., XI., XIV., XIX. 
Thus, in process of time, all the regular Paschal Moons [as regards the true Equinox) 
would have been rejected, and Easter would he celebrated in the second, third, Ac, 
month, and even in the height of Summer, or the end of Autumn. When the Equinox 
should have receded 29 days, or more, from the 2l8t of March — namely, after the year 
4100 {') — Eaater would cease to be even celebrated in the jtml month, contrary to the 
law of the Ancient Church. 

Again, on account of the four days' error in the Lunar Cycle, it often happened that 
Eaater was celebrated on the twenty-fifth day of the Moon — namely, whenever the four- 
teenth day of the Moon, found by the Golden Number, and which was, in truth, the 
eighteenth day from mean New Moon, fell upon Sunday, and therefore Easter was de- 
ferred to the following Sunday. This is entirely opposed to the ancient usage of the 
Church, which again and again inculcated that Easter should be celebrated from the four- 
teenth Moon of the first month to the twenty-first, both inclusive. 



(I). The reoHin of this cannot be fully understood, until we come to the explanation of the " Solir 
Squktion." For the present, it is sufficiKot to say that the Rule for finding bow many days (in addition. 
to the 10 days omitted at the Reformation in 1o6:2) must be omitted, on account of the Solar Equation, 
np to any given ccntnrial year A. D., is the following: — 

" Subtract 16 from the number of centuries in the given year : divide the difference by 4 : multiply 
the quotient by 3, and add the remainder to the product. This will give the required number.'' E.g., let 
the given year be A. D. 4100 : we have 

— - — ■= 6, leavuig 1 over, 

Mid 6 X 3 + 1 = 19 .-. 10 f 19 = 29, 

The reaaon of this Rule is (as we shall »ee hereafter) that in every four centorieB, reckoning from 
A, D. 1600, three intercalary days are omitted : hence the quotient multiplied by 3 gives the number of 
omitted days due to the groups of 400 years; while the remainder, which is always less than 4, eonsiats of 
Common eenturial years, which, therefore, must be added to the aforesaid product (.C'nri'u*, pp. 134 and 
635), 
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Tbe ftbove is on the suppoaition that the Qregorian Rule, of dropping 3 days in 400 yean, ha adoptMl. 
The exact date when, supposing the error of the Julian year to he 1 day in 12S years, it would amount 
to 29 days, is found by the proportion !■' : 29^ : : 128' : 3712', to which, if we add 325 (date of Kicene 
Cousoil], we get 1037 i.. u. 

75. From what has just been said, we can readily believe tiie fact that, from the 
year 1500 to 1582 — i. e., in the comparatively short space of 83 years — no less than 54 
Easters were wrongly celebrated ; and that, had not the Calendar been reformed, there 
would have been 12 more wrong celebrations during the remaining 17 years of that 
sixteenth century. Of these wrong celebrations in the sisteenth century, some were 7, 
some 28, some even 35, days later than the Ancient Rule required. The error of 35 
days occurred in 1565, 1568, 1576, 1579 ; and it would have occurred again in 1595 and 
1598. Indeed, Claviua has shown, by actual calculation, that, had not the Old Calendar 
been reformed, there would be only 265 legitimate Easters during the 3401 years from 
A. D. 1600 to A. D. 5000 ; the remaining 3136 being eonfrnry to the ancient Canons respect- 
ing Easter. OE tliis total number, 581 would be wrong by 35 days ; 881 by 42 days; 
and 49 by 49 days; the remainder being wrong by 7, 14, or 28 days. In fad, after the 
year 2698, there would be no legitimate Easter. "We may put the same thing in another 
form, by saying that the coincidence between the Old- and New-Style Easter Day, which 
still happens occasionally, and will continue to happen, though less and less frequently, 
will occur for the last time in the year 4. d. 2698 ('). 

(1). The reason of this will be shown hereafter (Art. ISl). On the subject of this and the foregoing 
paragraph, rid. Claviua, cap. ii. || 1-3 ; cap. iiii. pp. 414, tq. ; and, pspeeially, p. 464. 

76. We come now to describe the mode whereby the accumulation of errors, resulting 
from the inexactness of the Julian year, and from that of the Lunar Cycle, was got rid 
of in the Gregorian Iteformation, First, as regards the 10 days arising from the over- 
length of the Juhan year. These 10 days might have been wiped out in one of two 
ways : either (after the example of Augustus, in the ease of the mistake respecting the 
Julian rule of intercalation. Art. 18) by dropping a Bissextile day every fourth year, for 
40 years ; or by suppressing at once the whole of the 10 days. lilio suggested both these 
ways, but recommended the latter. I have already mentioned {Art. 73) that the Pope sent 
a Compendium of Lilio's plan to the most celebrated academies of Europe, for their criti- 
cism and judgment upon it. Some advised that the 10 days should not be dropped at 
all; but that the Equinox should, for the future, bo fi.\ed to the 10th or 11th of March, 
on which days it then actually fell (') ; just as by the old Paschal Canons it was fixed to 
the 2l8t of Maroh, where it actually was about the time of the Nicene Council. This 
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was a very obvious and simple expedient. But a too scrupulous regard for the tradi- 
tional day prevented its being adopted, as it ouglit to have been. Had this been done, 
all the confusion arising from dijference of eiijle, and most of the chronological errors 
whicli have embarrassed some countries ever since, would have been avoided. Others, 
again, recommended that if the accumulated days were to be dropped at all, not merely 
the 10 which had accrued since the year a. d. 325 should be omitted, but 2 or iJ more ; 
2, so as to restore the Equinox to the place [23rd of March) which it occupied, in the 
Julian Calendar, at the Birth of Christ ; 3 {as Lilio suggested), to move it to its place at 
thetimeof the Julian Heformation, ii, c. 45 ('). Gregory's mathematicians elected to drop 
10 days at once, so aa to restore the Equinox to the day (March 21) on which it fell about 
the time of the Nioene Council. Accordingly, it was decreed in the Pope's Bidl ("] that 
the 10 days foUomng the 4lh of October {the Feast of St. Francis), 1582, should be 
wholly omitt«d from the Calendar ; and that the day nest after the 4th should be deemed 
and called the 15th of October: so that the days of that month should be reckoned thus, 
1, 2, 3, 4, 15, 16, &e. ; the month thus being made to consist of only 21 days. 

The reason why the month of October was selected for the suppression of the 10 days 
was because this month was most free from Saints' days, and therefore the omission 
would cause less interference with usage. Tlie Sunday Letter of this year being G, the 
omission of the 10 days changed the Letter to C for all the Sundays following the 15th, 
to the end of the year ('). Thus the year 1582, though not a Leap-year, had two Sun- 
day Letters, G and C : and it contained only 355 days. 

The omission of the 10 nominal days in 1582 also necessarily caused that all the 
Calendar New Moons, from the 5th of October to the end of that year, fell 10 nominal 
days later than before the correction ; in other words, the Golden Numbers coming after 
the 4th of October that year, and throughout all the months in succeeding years, ceased 
to indicate the Calendar New Moons as before ; and, in order that they should do so, 
those after the 4th of October, in 1582, had to be moved down ten places; and in the 
following years all of them shoidd be so moved, were the Solar error alone to be cor- 
rected. But we shall see presently that, in consequence of the Lunar correction taking 
place in the eontranj direction, the Golden Numbers were actually moved down only 7 
places. 

(1). Tlie Eqninoi, in consequence of the Leaji-year, vibrates between two doys. 

(2), On this point Sir John Herschel observes {Astr., edit. si. p. 690) : — " The Reformation ol 
Gregory was, after all, incomplete. Instead of 10 days he ought to have omitted 12, The interval Snm 
January 1, *. D. 1, to January 1, A. D. 1582, reckoned as Julian j-ears, is Q77460 days, and aa Tropical, 
35T44S, with an error not exceeding 0*01 dnys. The difference being 12 days, their omission would have 
completely restored the Julian Epoch. But Gregory assumed for his &scd point of departure, not that 
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rpoch, but one Inter by 324 yeu-i — viz., Jnouarj' I, &. D. 325 ; asaumiog wliicb, tbe diflereece of the twi> 
reckuninga is d'-SOo; or, to the aeaj'cat whole number, 10 days." Viil. Kotc i, Ait. 72, nhere the Dumber 
is calculated to be Q'7945 iays. According to Delambre, the Vernal Ei^uiooi fell, n. c. 4 j, on March 23 ; 
A.I). 325, on March 20; aud a. b. 1382, on March 11 {Tdeltr, i. p. TS). 

(3). Tid. Claviua, p. !4. 

(4). Ten CaJendar Letters were paased over. But 10 = 14 - 4 ; therefore, the Calendar Letter of the 
ISth was 4 places higher up than, that of the 4th. Bo that, aa 6 was the Sunday Lett«r that year, the 
next Sunday letter after the 4th was 4 places higher up than G : ('. «., C. Or thus : the Calendar Letter 
of October 4 is D ; therefore (G being the Sunday Letter that year) Ootober 4 was Thursdny : the neit 
day, Friday, was reclLoned as the liith, the Caleodar Letter of which ie A ; consequently, Saturday, 16th, 
B; Sunday, 17th, C. 

77. Thus, the accmmilation of error arising from the overlength of the Julian year 
was wiped out. The year 1582, in which the correction was made, was the second 
" Annus roti/iisioiii'i.^' The next point to he settled was, how best to prevent any such 
accumulation for the future ; or, to state the same thing in otiier words, how the Calendar 
Equinox, which was still to he fixed to the 2l8t of March ['), might he kept aa close as 
possible to the true Equinox. According to the AJphonsine Tables, which were followed 
by Gregory's mathematicians, the length of the Tropical year was 3C5'' 5" 49" 6' ; that 
is to say, 10" 44' shorter than the Juhan year. The difference amountB to a day in 
about 134 years, or to 3 days in 402 years. Accordingly, the plan adopted was to omit 
3 Bissextile days every 400 years. This was done by making the yeai-s 1700, 1800, 
1900, Common years, leaving 2000 a Bissextile ; and so ou, for every successive group of 
four centuries. The Gregorian Rule of intercalation may, therefore, be thus generally 
expressed : — 

" Tbe Rule U the same as in the Julian Calendar, except that the cenfiiriai yean {crii- 
teeimi aniii) not ili visible exactly hij 400 are to be Common years." 

"We have thus an exact analogy between the ordinary Julian intercalation of one day 
every 4 years and the Gregorian correction, which intercalates a day in those centesimal 
years only which are measured by 4 {■). 

This mode of preventing, for the future, the accumulation of error arising from the 
inexact length of the Juhan year is called the Solar Secular Equation. 



(1). The oenturial year 1000 was allowed to remain unchanged, because, being so close to 1582, when 
the aooumulation was cleared off, it did not need correction. 

The principle of this elegant artifice was not due to Lilio or Clavius. Sloffler, in his " Colendoriam 
Romonuia," lol8, had proposed the omission of one day in 134 years. But Pitatusof Terona, in a petition 
presented to the Council of Trent in 1552, proposed that 1600, 1700, 1800, . . . 20OO, 2100, 2200, . . . 
should be Common years. The groups of three conset'utivo Common centeairaal yeajs were bis suggestion. 
The Oregoriiin correctora merely changed slightly the centesimal years so grouped. 
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(2). daviut fp. 86) states that Ibe reosuii w liy centnimat years were chosen for making the Solar Equa- 
tion, rather than dropping the intcrenktion as often after the year 1600 as the error amounted to one day 
(according to him in 134 years), nns this ; that, as 134 is not divisible by 4, the omission ehould be made 
sometimes after 132 years, sometimca after 136: " scd quoniam rarictas hsfC, qui, modo anno quolibet 
132, mode quovis anno 136, intcrcalatio omitti deberct, facile oblivioni trndi poesit, quod anni hujusmodi 
nulli insigni noli sint affecti, elooti sunt ad banc rem anni pctius centesimi, cum hi magis sint conspioni, 
et noQ tarn facile in Ulis negligentia aliqua aut oblivio possit obrepere \ pncsertim qnod omnes centesimi 
sunt Jubiheis dcdicati, ot propteroa notisBimi et expectatisdmi." 

As to retaining the intercalation every ^OOth year, instead of every 402nd, as it strictly ought to be 
(134 x 3 = 402), he further observes that the error is so very slight (amounting to only one day in 26800 
years], that it is not worth while to disturb the regular intercalation for it. After the lapae ot 26800 year* 
from 1600 (*. D. 23400), a day may he intercalated in some Common )*ear to correct the error; that i* to say, 
to bring back the Equinoi from the 22nd to the 21st of March (Claviui, p. 205). The error In qnesticm 
is thus calculated : 

s(±-±\ =_? . 1 

ViOO 402^ 160800 26600' 

Or thus (Claviua) ; if, in 134 years, 1 intercBlary day be omitted, iu 2 years ^th of a d»y is omitted ; 
therefore, A' : 400' :: f : 67 x 400 = 26800 years. 

It has been objected that the omission ot the intercalary day for 3 consecutive eenturial years, instead 
□f omitting it ut ihu end of each 134th year, is not bo well suited aa the latter would bo ta retain tht 
Calendar Equinox in its place, inasmuch as the exact Equation is anticipated— the first ccntoiy, 
by 34 days ; the second, by 68 days ; and the third, by 102 days. But it is easy to show that the eon- 
Iraiy is the fact; that is to say, if the omission of the day were made every I34thyear, the l;quiuoi would 
o/m"i^« recede from its assigned place (March 21) toivurda the beginning of the month, and that the regression 
would amount to nearly a day at the end of the I34th year; aud this would occur three times in the space 
of 400 years : whereas by the centesimal omission, the Equinox will not recede more than 18 honiB from 
its proper place; and that only once in the space of 400 years.— Vid. Claviui, cap, vi. § 18. 

78. The Gregorian omission of 3 days in 400 years supposes tlie year to ooosist 
of Seo"" + j^ ; that is, of 365^ 5" 49" 12% wltich is nearly 24' too long. This 
would amount to a day in 3t»00 years ('). Accordingly, Delambre proposed (') that the 
year a. d. 3600, wliich, aocoi-diug to the (irugorian liulu, is to bo a Leap-year, and also 
its multiples, 7200, 10800, &o., should be Common years. By this modification the 
Calendar would be brought into very dose acoordftnco with the Sun. If the Gregoriaa 
Eule remain unmodified, the Calendar Equinox will, in the course of about 35,000 yearn, 
deviate as much from the true Equinox as it did in the year 1583 : while, iu the uncor- 
reeled Julian Calendar, the Easter Festival will then have nearly pan through ths whole 
circle of the seasous. 

Sir John Herschel has proposed (Astron. p. 673) & oorreotion of the Qregonan Bule, 
slightly different from that of Delambre — viz., by extending the Qregorian Kale one 
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But if the esact length of the Tropical year tc 36S'-242216 (Art. 11), the difierence between it andths 
length assumed hy Sir John llcrschL'l'ti [irupiiged modification is -000034; that is to saj, the Gregorian 
Calendar, corrected as he proposes, would err one daj' (in excess) in about 29,000 yonrs. 

(4). Sir E, Beckett [Astron. without Math., 5th ed., p. 152) strongly recommends tliis plan. FranotEUr 
alio inggested it, but did not recommend it (Theorie du Calendre, p. 299), The former puts the question 
thus;— A million Julian years = 3G6,2o6,000 days; but a million Tropical years = 365,242,216 day*. 
Therefore, the problem ia how to drop 7784 Leap days, in some neat and simplo way ; that is, one day in 
128-47 years. 

79. It may be interesting to ascertain whether there ore any otlier possible methods 
of restoring the coincidence of the Civil year of 365 days with the Tropical, and which 
may be more exact, and at the same time equally or more convenient than the (JiJian 
and] Gregorian intercalations. I have accordioglj', in a note, given the mathematical 
solution of this question {'), The re.sult is that there are several such methods — some of 
them more exact than the Gregorian, but most of them inconvenient in practice. So that, 
in fact, the Gregorian method, extended in the way proposed by Delambre, or by Sir J- 
Herschel, seems to answer Bufficienfly all practical purposes. 

Before passing on from this subject, I may just notice another mode of intercalating, 
hy ceidurits, which in some respects seema preferable to the Gregorian. I mean di'opping 
the intercalary day of every century except the Ji/ih, beginning with the sixteenth ; instead 
of the /our(A, beginning with the seventeenth; in other words, making 1600, 1700, 
1800, 1900 Common years, and 2000 a Leap-year, and so on. This would make the 
year 



365" 



'500 " 



365 ■242'', 



which differs from '24224 (HerBohel's Tropical year) by -00024, which would not amoimt 
to quite a day in 4000 years. With the lesser and more correct fraction •242216, the 
difference would be only '000216, wliioh would amount to a day in about 6000 
years. 



(1). To dud mathematically the difiorcnt possible modes of intercalation by which the Civil year of 365 
days may be kept approiiniatoiy close to tho Tropical year, we have only to convert the fraction 
•xpreesing the excess of the Tropical year over 360 days into a oontianed fraction, and then find the 
leries of resulting convergent fractions. 

Let us lake, first, the traction of a day adopted in the Nautical Ahnonac, vit., -242216 = 5" 48'" 

47 ^e-. 
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This, expanded into a continued fraction, giycs 



4 + 1 



7 + 1 



1 + 1 



3 + 1 



1 -f 1 



1 + 1 



7 + 1 



1 &c. 
The series of oonyergent fractions is 

17^^3970 ^29^ 

f 29* 33' 128' 161' 289' 2184' ^' 

These fractions are, by the nature of the continued fraction, alternately greater and less than the true 
value of the original fraction. But the intercalation represented by each is the most exact possible 
within the number of years indicated by the denominator. 

The first approximation, -, is too great : it is the Julian intercalation of one day every 4 years. 

7 
The second approximation, r-, errs by defect. It gives 7 intercalations in 29 years ; that is, 6 

^%) 

ordinary Leap-years, in succession, and a seventh intercalary year at the end of the next Jive years. It 

supposes the Tropical year to be 365 --, = 365'^ o^ 47"* 3517', which is too short by l"* 12-29'. 

g 
The third approximation, --, is greater than the true value. It gives 8 intercalary years in 33 

oo 

Common years ; viz., 7 ordinary Leap-years, in succession, and an eighth intercalary year at the end of 

the next^uc years. It supposes the Tropical year to be 305 . , = 365d ^h 49m 5 •451^ which exceed* that 

of the Xautical Almanac by only 18» ; whereas the Gregorian year (365*^ 5*« 49™ 12») exceeds it by 
241". Accordingly, this mode of intercalation produces a nearer coincidence between the Civil and 
Tropical year in 33 years, than the Gregorian method does in 400 years : and, moreover, on account of 
the shortness of its period, it confines the deviation of the nominal Equinox from the true within much 

narrower limits. This approximation [ - j is said to have been proposed by Omar, a Persian astronomer, 

A. D. 1079, five centuries before the Gregorian reformation. The scccumulation of error arising from it 
would amount to only one day in 4800 years. The chief defect of it would be that it woidd derange the 
intercalary years, making some of them fall in even years, a. d. and some in odd. Then, to take the 
first century, we should have the intercalary years 

0, 4, 12, 16, 20, 24, 28, 33 ; 37/41, 45, 49, 53, 67, 61, 66 ; 70, 74, 78, 82, 86, 90, 94, 99. 

It is true that it would onlv be necessary to hour in mind that the retarded Bi*5<«0Tti1ps form an arithme- 
tical progression, 0, 33, 66, 99, 132, &c., the ordinary ones occurring at the usual interval of 4 years. 
Still, the Gregorian system is, on the whole, the most convenient. — Deiambre^ Astr. Mod. i., p. 78. 

a2 
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31 
The fourth approximation, t^q' ^^ ^^^^ ^'^ ^^^ exact value, but it is extremely accurate. It ooiuista 

in dropping the intercalary day in every 128tli year ; or in other words, making only 31 Leap-years 

31 
instead of 32. It supposes the Tropical year to be 365 -— ■ days = 365<* 5»» 48" 45«, which is less than the 

128 

true fraction by only 2}* ; which would amount to only a single day in about 34,500 years. It would, how- 

31 3 X 8+7 
ever, be very inconvenient, on account of the complexity of the rule of intercalation. For ttjo"^ — ^ — x^; 

SO that there should be really four periods; three of 33 years each, containing 8 Leap-years 

a -piece ; and one of 29 years, containing 7 Leap-years. The eighth approximation, ^tqt, differs 

21o4 

from the original fraction by only about the 100th part of a second, but is wholly unsuited for actual 
use. 

Let us now take the length of the Tropical year as found by Lalande, and adopted by Ideler and 
other eminent authorities, and which is only about half a second longer than that which we have been 
just considering. I moan 365** 5^ 48™ 48' = 365*'*2422222. Converting the decimal part into a continued 
fraction, we get 

1 

4TT 



7 + 1 



1 + 1 



3 + 1 



1 + 2 



1 + 0. 

The series of converging fractions is 

1 J 8 31^ ^ JO 109 
4* 29' 33' 128' 161' 289' 450' 

109 872 

The first six agree precisely with the first six found above. The seventh, j— • , is exact. It es - — , 

giving 872 intercalations in 3600 years, in place of 900 Julian intercalations, and 873 Ghregorian. The 
latter therefore becomes exact by omitting the Bissextile every 3600th year, reckoning from the year 
1600. In fact, 

109 _872 ^ 900- 28 ^ 900 -27-1 _ 1 _ 3_ l_ 
450^3600*^ 3600 3600 "^4 400 " 3666" 

The two first terms are the Gregorian intercalation ; and the third is the correction necessary to make the 
Civil Calendar agree completely with the year 365*' d^ 48" 48». 

Upon the whole, this seems to be the simplest mode of correcting the Gregorian intercalation ; and it 
has the additional great merit of not interfering with the Lunar Equation. 

According to Delamhre, the length of the year = 365'* 6»» 48'» 51 •6« = 365^-2422642, which decimal 
developed into a continued fraction gives the series 

4' 29' 33' 161' 194' 1326* 



I^Orefforian Corrrciion, 



trebling the first, we get — — nnd — ; and 




For fuller detoils on this subject of Int^rcalatioa, fid, Delambre, Aatrgn. Mod., torn, i., pp. "3, »j. 



. Let UB now coQsideT the Gregorian refonnation in reference to the error of the 
Lunar Cycle. I haTe already said (Art. 72) that the real (or, rather, the mean) Mood 
8 then more than 4 days in advance of the Calendar Moon ; that is to say, the Calen- 
dar Moon by which Easter was regulated fell more than 4 days later in the month than 
the mean Moon of the heavens. This anticipation of the Calendar Moon hy the actual 
mean Moon was called by the Computists the irpattiwrwatq of the Moon (']. Gregory's 
mathematiciaDS calculated the amoimt of it to be about one day in 312^ years ('] ; which 
in 1257 years (1582-325) amounted to over 4 days, and in process of time, if uncor- 
rected, would, of course, gradually give rise to still greater and greater divergences 
between the mean and Calendar Moons. In fact, about the year a. d. 5000, the diver- 
gence would be such that the Calendar New Moon would occur at the time of the actual 
Full Moon, and e.v.; so that the absurdity would arise that Easter would be celebrated 
about the time of the actual New Moon. 

As the Golden Numbers in the Old Calendar denote the Calendar New Moons, and 
asthe njcan New Moons, at the time of the reformation by Gregory, fell on the fifth day 
higher up in the mouth than the Calendar Moons {Art. 72), tlie obvious mode of getting 
rid of the accumulated error was to move all the Golden Numbers 5 days higher up 
(3 vacant days behig left between the old and new places), bo as to bring the Calendar 
New Moons into a near agreement with the mean Moons. We have already seen that, 
in order to restore the true Equinox to the 2l9t of March, 10 nominal days were dropped 
in 1582 (the 15th of October following immediately after the 4tb) ; the effect of which 
would be that aU the remaining Calendar New Moons that year, indicated by the Gol- 
den Number VI. (which was the Golden Number of the year), woidd fall 10 whole 
nominal days later than in the Old Calendar ; that is to say, as the Golden Number VI. 
was affixed to October 20, November 19, and December 18, the Calendar New Mooaa, 
after the omission of the 10 days, would fall on October 30, November 29, and Decem- 
ber 28 ; and, in order to indicate those New Moons, Golden Number VI. should have 
been moved down those 10 places, and, with VI., all the rest of the Golden Numbers 
should also be moved, their relative position remaining unchanged. But, as we have seen 
(Art. 72), all the Calendar New Moons (or Golden Numbers) were already (in conse- 
quence of the accumulated error of the Lunar Cycle) 4 days lower down than the meaa 
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New Moons (3 vacant days beiog between them) ; and to wipe out this error, it was 
nenessary to put them 4 days back, or higher up ; thus leaving the actual down- 
ward displacement of the Golden Numbers, from both causes combined, only su. But 
Claviufl preferred, for the reason stated in the Note ["}, to make them ascend (on account 
of the Lunar error) only three days, instead of four; so that, as the final result of both 
oorreotions, the Golden Numbers were moved down sereii days from their old places ; 
that is to say, VI. (the Golden Number of 1382) was moved down from its old place 
(October 20) to October 27 (6 vacant places intervening). Accordingly, in the amended 
Calendar, after 1582, had the Golden Ntmibers been retained, as before, to indicate the 
Calendar New Moons, instead of being replaced (as they were) by the Epacts, all the 19 
Golden Numbers should have been moved down 7 days from their old places. So 
that, for example. III., wliioh in the Old Calendar was affixed to January 1, would in 
the New Calendar be affixed to January 8, sis vacant days intervening between the new 
and old places : and so of all the rest. We shall return to this point, when we come to 
consider the Paachal Table as it stood aft«r the Gregorian reformation (Art. 105). 

(1). Similarly, the falling behind (or lower down in the month) of the nominal Equinox [Maroh 21] 
from the true place of the Equinoi (Art. 72) was teniied 'metemptosifl' (^<T/^TToiffis). These terms were 
applied to the Solar and Lunar Equations, respectivclf. [Detambie, Astr Mod i , p. IS). 

(2). Gregory's mathematicians, following the AlphouEine Tablet, aHsumed the mean length of a Lnnk- 
tion to be a fraction of a seooad more than 29^ 12t. 44b 3., which multiplied by 2J5 gives 6939J 16^ 32" 
27', differing from 19 Julian years by V'T,~'iZ' = 5253'. Hence, 6253- lO- SMOO- : 312i', q.p. 

The Gregorian correction for the proemptosis is, accordingly, 8 daya in 2M0 years. But the more exwt 
correctioa ia one day in 308 years (Ait. 72), or 8 days in 2-164 years. Hence, according to tho QregoriUL 
correction, tho Calendar New Moons would fall one day too late iu about 21,300 years. The proportion 
is, 36: 2500:: 308 : 213J3. 

Clavins himself (p. 156] calculates the error of his correction to be only 8 hours in 481,436 7cm, 
and he nakvcly adds, " relinqnamus cam cui-am poatcris nostria, si tamdiu ntundua dtirabit," 

(3). The Jews colebratpd tlieir Paaaover, and the Quartodecimans their Easter, on the I4th day of the 
real, astronomical, Moon ; that is to say, the day before the real Full Moon, which falls about the 
fifteenth day after conjunction. Kow, the great object of the Ancient Easter Cauona (Art. 41) wai that 
this Festival should be celebrated as nearly as possible at the same time of the year as the original event 
which it commemorated took place ; that is, at the same time of year as the Jewish Passover; not, how- 
ever, before the Paaaover, because it would he absurd to commemorate tho Resurrection before th« 
Passion ; nor on the tame diii/ as the Pussover, for this would be to symbolize with the hated Jews, 
and to adopt the Eaater practice of the heretical (luartodecimana : but as nearly as possible after the 
Passion. In order to avoid celebrating Easter before the Passover, it was necessary so to arrange the 
Kew Moons of tho cycle, or Calendar New Moons (indicated by the Golden Numbers) that the 14th day 
of the Pasi-hal (or Easier) New Moon should not fall liro or more days before the 14th day of the real (or 
mean) astronomical Moon, which determined the Jewish Passover ; otJierwise, Easter Day might under 
oertain circumstances be celebrated before the Passover day. For example, if the Hth day uf the Cnlen- 
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dar Pasdja Mooa were the 12tU day of the real Moon, and if the tollowing day were Siuiday, then 
Enster Daj' would be kiipt on tlie 13th of the real Moon, and, therefore, before the Paasover. Again, in 
order thai Easter Day should not fall oh the Pnasovcr day, it was neueBsary that the iirat day of the 
Calendar Pnaohal New Mooa Bhould not fall on the laine day as the real {or mean) astronomioal New 
Moon : fur if it did, it might eometimes La]ipen that Easter Day would be kejit on the Passover day. 
For example, if the mean Kew Moon were to fall on Mareh 8, at noon, the mean Full Moon would fall 
about fi A. M. of the 23rd (the interval between mean conjunction and opposition being nearly 14'' 18'' 
22"), and the actual Full Moon would also often fall on that day ; but the 14th day of the Calendar Pas- 
chal Moon woidd be the 21at ; and if the 2^nd were Sunday, Easter Day would be kept on the 22nd, a 
day before the actual Full Moon, and, therefore, on the Passover day. Lastly, if the Calendar New 
Uooo«, or Golden Numbers, bo so adjusted that they shall fall one day, at least, later than the actual, or 
mean New Moon, then the 14th day of the Calendar Paschal Mood wiU fall on tho lAth of the real, 
or mean, astranonuciLl Moon, that is to say, on the day of the real Full Moon, and, therefore, after the 
Jewish Passover day ; and if this day of Full Moon be also a Sunday, Easter Day might, in accordance 
with the fundamental principles of tho Old Calendar, be kept that day : but in point of fact, it was nut 
kept until the Bunday after, in compliance with the general Rule laid down in Canon II., Art. 41 ; 
wliich Rule was obyiouuly framed to meet the case, before nicntioued, of the Hth day of the Calendar 
Moon falling on the 14lh day of the real Moon (the I'assover day), when the week-day should happen to 
bo Sunday ; for by thia Rule Easter Day would be postponed to the following Sunday. Hence we see the 
reason of what Clavius says in the paesage above referred U> (cap. xviii. 4), '■ Tho New Moons of the 
cycle (indicated by tlie Qolden Numbers in the Julian Calendar, and by the Ejiaeti in the Gregorian 
Calendar), should b« so arranged that the ]4th day of a Paschal Moon should ne^ia precede mean opposi- 
tion (the mean Full Moon) by two or more days ; hut either by one day only, or else fall on the day of 
mean Full Moon, or not long after ; " and ho adds, " wo have endeavonred with the utmost core and 
diligence to adjust our cycle (of Epacts) so that the Paschal New Moons of the Calendar shall follow the 
real (or mean) New Moons, so that the 14th of the Calendar Moons should fall either the day brfort 
the real (or mean) I'ull Moon, or on that day, or not long after." And hence we also see the reason why, 
in etearing of the accumxdated error of the Lunar Cycle, he did not put back the Golden Numberi/ovr 
day* higher than their old places (which would have made the Calendar New Moons coincide with the 
real New Moons) but only three, whereby the Calendar New Moons were made to fall one day later than 
the real, or mean, Moons. 



81. Having seen how the acoumulafion of error arising from tha inesaotnesa of the 
Lunar Cycle was cleared off, we Lave next to inquire (as we have done in the case of the 
Solar Secular Equation) by what mode a fiimilnr accumulation in futui-e waa prevented ; 
in other words, to explain the Lunar Secular Equidiou. Gregory's mathematicians cal- 
culated (Art. 80) that the Moon of the cycle, or Calendar Moon, dropped behind the 
real astronomical Moon one day in 312J years, or 8 days in 2500 years. The plan, 
therefore, which they adopted, in order to rectify this divergeaoe between the Calen- 
dar New Moon and tha mean astronomical New Moon as fast as it Bhould arise was, 
toadvanct one day higher up (towards the beginning of the month) all the Calendar New 
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Moons every third centurial year, reckoning £rom a. d. 1800, seven times conseoutiTelj ; 
and to defer the eighth advance of a day until the fourth centurial year after the seventh 
advance ; thus making an aggregate correction of 8 days every 2500 years, beginning 
from 1800. In this way, supposing the proemptosis of one day in 3 12 J years to be 
exact, the error of the Limar Cycle would be very nearly corrected every 300th year 
after 1800 ; and completely so at the end of the cycle of 2500 years. It would then 
recommence, and be similarly wiped out at the end of the next cycle ; and so on per- 
petually. 

The year 1800 itself was taken as the first Lunar Equation year after the ooireo- 
tion ('). Consequently, the first period of 2500 years contained nine Lunar Equation 
years, while all the subsequent periods contained but eight. Hence the scheme of the 
Lunar Equation was the following, the sign + denoting the centurial years in which the 
Golden Numbert were all advanced one day higher, and the Epacta were all increased by 
unity : 



1800 + 1 



2100 + 
2400 + 
2700 + 
3000 
3300 
3600 
3900 
4300 



+ 
+ 
+ 
+ 
+ 



1 
1 
1 
1 
1 
1 
1 
1 



4600 


7100 


4900 


7400 


6200 


7700 


5500 


■ 8000 


5800 


8300 


6100 


8600 


6400 


8900 


6800 


9300 



and 80 on. 

(1). The accumulated error having been wiped out in 1582 by the upward movement ef the Golden 
Numbers (Art. 80),the amount of error in the following 218 years would be only about two-thirda of a 
day, and therefore it would seem that the first Equation should more properly have been made in 1900. 
But Clavius preferred 1800 for a reason which we shall see hereafter, when speaking of the EpaeU {M. 
Art. 128). 



82. Having now explained the nature and effects of the Solar and Lnnar Equations 
separately y let us consider their combined result as regards the displacement of the Golden 
Numbers in the Calendar. 
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The eti'ect of Uie Solar Equation, or dropping of the Bissextile day for the centuriul 
yeatB before mentioned (Art. 77), being to loicer all the Golden Numbers one day ; and 
the effect of the Lunar Equation being, as we have just seen, the contrary, that is, to 
raixe them all one day ; it follows, of coarse, that, when the Solar Equation alone takes 
place, the Golden Numbers descend one place ; when the Lunar Equation alone takes 
place, they nsce/ut ono place ; when neither takes place, or both conoitf, there is no dia- 
plaoement in the Golden Numbers. As the year 1600 was allowed to remain a Leap- 
year (teing too close after the coiTection in loSii to allow of any fresh accruing of the 
Solar error), there was no Solar Equation ; and the Lunar Equation had not yet com- 
menoed. There was, consequently, no change made In the position of the Golden Num- 
bers during the 17th century (1(300-1699), but they remained in the same position as 
they occupied in 1583. In 1700 the Solar Equation took place (for the first time), 
requiring the lowering of the Golden Numbers one day during the ISth century (1700- 
1799). There was no Lunar Equation that year. In 1800, the Solar Equation again 
took place; and also the Lunar Equation {for tho first time): consequently, they 
neutralized each other, and no change took place in the position of the Golden Numbers ; 
but they have continued, and will continue during the 19th century (up to 1899), to 
occupy the same places they did during the 18th. In 1900 the Solar Equation will ooour, 
and there wiU be no Lunar Equation ; hence, during the 20th century (1900-1999), the 
Crolden Numbers will require to be moved down ono place — making the total displaoe- 
ment, from the date of the reformation of the Calendar, two places downwards. In 
the year 2000 there will be neither Solar nor Lunar Equation, and accordingly no 
change will be made during the 2l8t century (2000-2099) ; but the Golden Numbers 
will occupy the same places as they did during the 20th century. In the year 2100, 
both Equations will take place ; and, therefore, as they neutralize each other, no change 
will be made in the Golden Numbers, but they will continue during the 21st century 
(2100-2199) as they were during the 19th and 20th centuries. Instead of pursuing 
these details any further, I have subjoined the following Table, showing the separate 
and combined effects of the Solar and Lunar Equations for the different centuries after 
1600, with the resulting number of displacements of the Golden Numbers dotrnwarda, cor- 
responding to each century. That the general tendency of the displacements will be dotcn- 
wardt ie obvious ; because in 2-1 centuries there ore 18 Solar Equations {or, 18 doiemeard 
displacements) ; while in 25 centuries there are only 8 Lunar Equations, or 8 vpieard 
movements. As the Solar and Lunar usually take place in the same century, and so ba- 
lanoe each other, thenumberof actual regressions due to the LunarEquation is very small; 
e. g., A. D. 2400, 3600, 5200, 6400, 8000, 9600, 10800 ; the law of which progressioa is 
evident. ( Vid. Art. 84.) It must bo borne in mind, also, that the Equation in both oases, 
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Solar and Lunar, ijB made in the centurial year, and applies to all the rest of the cen- 
tury ; c. g.y from 1600-1699, both inclusive, there is no change ; from 1700-1799, both 
inclusive, there is a displacement of one Aaj^ downwards. From 1800-1899, there is no 
ohange, and the downward displacement continues to be one. But from 1900-1999, 
there is another Solcu: Equation, and a fresh displacement takes place, making the total 
number, for that century, Uco; and so on. The effect of the Solar Equation being to 
move the Gblden Numbers down, or to increase their distance firom the beginning of the 
month, this Equation has the positive sign before it : the effect of the Lunar Equation 
being, on the other hand, to raise the Gblden Numbers up, or diminish their distance 
from the beginning of the month, the negative sign is prefixed. 
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The Letters prefixed to the different centuries are called the Index Letters : there 


■ 


are thirty Buch difierent Letters, as will be more fiiDy explained hereafter (Art. 129). ^^^^H 


The series of Letters recur in exactly the sauie order after 300,000 years, reckoned from ^^^^| 


1600; in other words, from a. d. 301,600, n^^ the Table shows. ^^^^M 


^^^M 
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84. Ab the Solar Equation causes thi-ee descents of the Golden Numbers eveiy 400 
years (beginnmg witli a. d. 1700), while the Lunar Equation causes only eiffht ascents 
every 2500 years (beginning with a. d. 1800), it is plain, as before remarked, that there 
must be (with occasional exceptions) a continuous descent. The Solar Equation will cause 
75 descents in 10,000 years, while the Lunar will cause but 32 ascents. Consequently, 
therefore, the ratio of descent to ascent ia J ;}^, or about f. Theperiodof the Solar Equa- 
tion is 4 centuries ; that of the Lunar is 25 centuries : the least common measure of both 
is, accordingly, 100 centuries, or 10,000 years. Hence, at the expiration of every 10,000 
years, reckoning from a. d. 1700, inclusive, the Solar and Lunar Equations will recur in 
the same order as before. There will he the same order or variety of Index Letters, but 
not the same Letters themselves. Thus, for example, the Index Letters of the tu-o centuries 
1700 and 1800 are the same—y\z., C ; the Indices of the t/iree centuries 1900, 2000, 
2100, ore also the same— viz., B ; of 2200, A ; of 2300, u ; and of 2400 and 2500, also A 
and u. Similarly, the Index Letters of the two centuries 11,700, 11,800 have the same 
Index Letter, i; and the (Arcc centuries, 11,900, 12,000, 12,100, have the m»« Index 
Letter, h ; then comes the Letter g for 13,200, and f for 12,300 ; in 12,400, 12,500, g and 
f are repeated : and so on throughout the second period of 10,000 years, the Index Letters 
follow each other in groups similar to, though not the some as, those of the first period. 
The same thing is true of the third period of 10,000 years, beginning with 21,700, and 
ending vnih. 31,600. So also of the fourth, fifth, &o., periods : the Index Letters will 
be different for the corresponding intervals of 10,000 years, but the order of their suceet' 
sion will bo the same, until we come to the thirticlh period, beginning a. d. 301,700, 
when the Letters themselees will recur in the same order as at first : viz., D will be the 
Index of 301,000, as it was of 1600 ; C will be the Index of 301,700 and 301,800, as it 
was of 1700 and 1800 ; B of 301,900, 302,000, 302,100, as it was of 1900, 2000, 2100 ; 
and so on ad ii»J>». 

Thus, after the expiration of 300,000 years, reckoned from a. d, 1700, exclusive, there 
will he, supposing the Gregorian Solar and Lunar Equations to be rigidly exact, a per- 
fect oJTOKoraiTTOffic, Or restoration of the cycle of the Secular Equations. The Golden 
Numbers will also have passed through all the possible displacements, and resume their 
first position ; and everything will go on again in the identical manner as after the year 
A. D. 1600. 

85. We have seen (Art, 84) that the total ndcanee of each Golden Number from the 
place which it occupied in the year a. d. 1600 {that is to say, from the place in which it 
was found after the reformation of the Calendar) will amount ioforfylhree places, after 
the expiration of 10,000 years, reckoned from that date (75 - 32 = 43), as the Table 
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Bhows, under \.i>. 116,000. In other worcls, there will be a change of 43 Index Leltora: 
that is, the whole cycle of 30 Letters, each change corresponding to the dasplacement ot 
the Golden Numbers one day downwards, through the full Lunar month of 30 days, will 
be completed ; and 13 displacements over will have taken place. Similarly, at the end 
ot the second period, 21,600, there will be a total change of 86 Letters, or a total down- 
ward movement of the Golden Numbers through 86 places ; the absolute amount of 
change, rejecting the two cycles of 30 Letters or displaoements, being 26, reckoned from 
C of A. D, 1700. Similarly, at the end of the third period, a. d. 31,600, the total amount 
of descents will be 129 (43 x 3) ; or, omitting the 30's, 9 ; and, pursuing the same process, 
we shall find [as the Table ahows) that, at the end of the 30th period— viz., a. d. 301,600 
— the toial number of changes of Letters, or displacements of the Gulden Niunbers, will 
be 1290 ; which, divided by 30, leaves no remainder, showing that in the year 301,700, 
or after the lapse of 300,000 years {30 cycles of 10,000 each), the same Letter C will 
recur, and all the following ones in exactly the same order as before. 

The number of displacements from the position of the Golden Numbers in 1700 may 
be easily expressed by tlie following formula ; — Let 7i denote the number of periods of 
10,000 years, reckoning from A. i>. 1700 {Letter C) ; then the general expression for the 
number of Letters changed (or displacements of the Golden Numbers) 

\ 30 },- \ 30 j; 

If there is to be no displacement, n must be a multiple of 30 : thus, the least number of 
cycles of 10,000 years that must elapse before a complete recurrence of Letters la 30. 

To illustrate the use of this formula, let us take one or two examples. 

Ex. 1. Required the number of Letters changed, or displacements of Golden Numbers, 
at the end of the 29th period of 10,000 years. 

Evidently =(^^^"^=17. 

Ex. 2, Let « = 30. Then number of displacements 

The series of remainders, or Letters ohaQged, corresponding to the 30 ejcles, are as 
follows : — 

Cycles, 12 3 4 5 6 7 8 9 10 11 12 13 14 15 

Eemaindeit, 13 26 9 22 5 18 1 14 27 10 23 6 19 2 15 
Cycles, 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

Eemainders, 28 11 24 7 20 3 16 29 13 25 8 21 4 17 30 
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86. It appears, by inBpeotion of the Equation TaUe (Art. 83), that in the year 8200 — 
that is to say, in 6600, reckoning from a. d. IfiOO — the number of displaoementa of the 
Golden Numbers from their places after the reformation of the Calendar is 29 ; in other 
words, each Golden Number will have passed through the whole Paschal Lunation of 29 
days in 6600 years: and in the year 8500, or 6900 years from a, D. 1600, all the 
Gulden Numbers will have passed through 30 displacements, or (which is the same 
thing) will have come back to the same place in the month which they occupied im- 
mediately after the refonufttion of the Calendar ; so that, in fact, their displacement 
then will he 0; They will remain stationary up to 8699 ; and in 8700 they will begin 
their second cycle of 30 displacements, which will be completed in a, d, 15,400. They 
will then ooutinue stationary up to 15,699 ; and the fhu-d cycle of 30 displaoementa 
(another period of 6900 years, reckoning from 15,400) will commence in 15,700, and be 
completed in 22,300. This law, however, will not hold good for the next cycle of displace- 
ments, which will not be completed till a. d. 29,400 ; that is to say, 7100 from 22,300. 
The periods thenceforth will be 6900, 7000, and 7100, at certain intervals. But, 
without dwelling any longer on these details, it will be better to find the General 
Sule/or the number of ditpUicements downwards in any century, reckoned from 1600, arising 
from the joint action o/the Solar and Lunar Equations. 

87. Let ua ascertain the number of descents arising from the Solar Equation for any 
century, reckoned from a. d. 1600. As the Solar Equation omits 3 intercalary days eTery 
400 years, reckoned from 1600, these 3 omitted days will cause 3 descents of the Golden 
Numbers, Let a denote the ceiititrial figures of any century after a. d. 1600 ; and let © 
denote the corresponding number of descents due to the Solar Equation. If, then, we 
divide o ~ 16 by 4, and multiply the quotient by 3, we shall have the number of omitted 
days, or descents, in the complete groups of 4 contained in a - 16 ; the remainder, if any, 
which of course must be less than 4, will be Common centurial years, and therefore 
must be added to the above product in order to find the whole number of omitted days. 



-m. 



(1) 



This may be otherwise expressed. The total nnmber of omitted days is less than the 
total number of centuries (a - 16] by \ of the latter : hence 



(2) 
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The former is Clavius* formula (ch. xii. § 9) ; the latter is Delambre's (*). I shall 
adopt the latter. Accordingly, we have the following Eule for finding the number of 
omitted days due to the Solar Equation for any century a. d. : — 

Subtract 16 from the number of the century ; and from the difference subtract its fourth 
part J omitting fractioM : the result will be the required number {^). 

Ex. 1. Bequired the number of descents due to the Solar Equation for the year 
8000 A. D. 

Here <r - 80, and therefore, by formula (2), 

®"^*"(t) =6^-16 = 48. 

Ex. 2. Bequired the number of descents due to the Solar Equation for 8500 a. d. 
Here 



© = 69 - (^^ = 69 - 17 = 52 (»). 



(1). Thej are easily reconoileable algebraically. For 

,-,.-., ('-)^, (-«)_. 

If we substitute this value for o- - 16 in (2), we get (1). 

(2). As we shall have frequently to do with such quantities as 

it may be as well to give one or two of the elementary rules for the combination of 

Let m s 4/> 4 ^, no that 
n = 4^/ + q*f so that 

Then(«) (-)^+Q^ = j+j., 



/ '" + '» \ „ t* p+p'-^9+ g'\ , /g + g'\ 
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(b) ( T ) — ( 7 ) * ^ ~ ^' ("* Buppoeed greater than w) ; 

(1) If^-^'be zero or positive, the last- written bracket ^q- q\ 

(2) Uq-q'he negative, the bracket = (iLzI-±L^^\ 

This bracket = 1, 2, 3, according as ^' - (? = 3, 2, 1, respectively. That is, it = 4 - (g* - q). 
So ("T" / ~ (t) "" \i) > "^^6^ ?" ^' is zero or positive, 

= 4f ^_|-f_j , when g - ^' is negative. 



("^ (").-(i).=^--p'-("'>")- 

(nr)-" ( ^ ^4 ' *)„= (l)«- (i)^. if ?-«' be positive or xero, 

' (v. " (ij„ ~ '» *f « " *' ^ negative. 
These theorenii may of course be extended generally as follovs :— 
Suppose 

and »(> n ; 
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then 



■(a*©.-''"'*'''"- 

{b') I ) =(-) -(-),if^-?'be zero or positive ; 

= «+(-] -(-),if(?-^'be negatiye. 

((f) I J = ( - ) ~ (- ) , if y - <y' be zero or positive, 

= (-] -(-) -l,if?-'y'be negative. 

There is an important particular case of this last formula, which deserves special notice, viz., the case 
where m = mult. « : ». c, where q = 0. 

There are then two cases to oonsidcr : (1) when q is not = ; (2) when q' = 0. 
(1). q' not = 0. We have, since ^ - ^' is negative — 

since m - /i is not a multiple of ic. 

(2). q = 0. We have 

/m\ /n\ /m - /*\ /m-n-l\ ^ 

since in - it is a multiple of k. 

Thus both cases are included in the formula 



(?).-0.-(^^^)."- (•) 

Another theorem easily deducible is the following. If m be any number, then 

/3(»w + l)\ /m\ ,^ 

For, with the same notation as before, 

/3(m + l)\ /12/i + 3^ + 3\ ., /3y + 3\ , ... 

(-4-^).= ( 4 )^-3^^(^)^.^ymeansof(c); 

= 3y^ + I . ' ) = 3y; + y, since 3 - j is < 4 ; 

6 



= <r-12 
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By means of this theorem we may oonvert equation (2) of Art. 87 into the form— 

(3). It is sometimes osefol to solve the converse problem : viz., being given the amonnt of the Solar 
Equation, to find the century or. 

Taking equation (2) of Art. 87— 

but ^ ■ (4) ~ ("d, — I ' ^^ equation («) of Note 2. 

Iherefore (^li^±D\ =©+12 = asay. 

To solve this equation, I will assume (t ■\- 1 ==ip ^- q: then 

by equation {d) of Note 2, and observing that (| j =0, 

but = 3j>, if ^ = 0. 
Hence Sp ^ q = a ^ 1, 

or else 3^ = a, 

4 (fi 4. 1) q 



Taking the first supposition, 



4p q = 



a 3 



= Y f 5, if y = 2, 

4^ . 1 'X o 

= Y + *» 1^ ? = '^» 

or, in general, ^"^^"("3") "^^* 

'- (¥)"■ 

4a 
Taking the second supposition, ^ + 1 ■ t" » 

o 

which can only be true when - is an integer. 

4 rt 4 A 

In other words : whenever a is a multiple of 3, <r has t\\o values, viz., -^ and -^ - 1 : in other 

o 3 



cases (T has the single value ( ir-J . 



Ex. 2. Given 

and, therefore, 
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® = 7, a = 19, ^^" = 25;,.-.,= 

0=n. = 27, ^ = 36, 
IT = 35 or 36, 



88. To find the number of ascents due to the Lunar Equation for anj oentiiry a. d. 

The first Lunar Equation, or ascent, took place a. d. 1800, After that d.ite, and 
recltoning from it, there are 8 Equations, or asoents, in every 2500 j-eara : namely, one for 
7 consecutive periods of 300 years, up to \. D. 3900, inclusive; and the eighth at the end 
of the next 400 years, or a, d. 4300. The nest 2500 years, distributed in the same way, 
ends A. D. 6S00 ; the third period, A. D. 9300 ; and bo on. Hence, it is easy to find a for- 
mula for the number of ascents, whioh may be denoted by ) , for any century, t, 
reckoned from 1800. 

Divide o - 18 by 25. Let the quotient be Q, and the remainder^. Multiply Q, by 
8, and the product will be the number of aseenta due to the number of complete cycles 
of 25 centuries contained in w - 18. As R is less than 25, divide it by 3, and we shall 
have tbe number of groups of 3 centuries, or (which ia the same thing] the number of 
ascents oontained in R, 'remembering that -^ cannot exceed 7, by the conditions of 
the problem — viz., 8 ascents in twenfy-/ce centuries : so that, if R should be 24, the quo- 
tient must be taken as 7, not 8. Hence, adding 1 for the Lunar Equation in 1800, we 
get the total number of asoents ( > ) from 1600 to a — 



»-l4 



^(^1 



i, 



(3) 



This is Clavius' formula (cap. xii. § 9). Hia Rule, therefore, for finding the total 
amount of displacement upwards, due to the Lunar Equation, from the date of the Refor- 
mation of the Calendar, is this : — " Subtract 18 from the number of the cetittiry; take the 
quotient of the difference divided by 25, and multiply this quotient fiy 8. If there be a re- 
mainder, divide it by 3, and add (he result, vhich must be less than 8, to the number already 
found: and to the sva of both add 1. The resulting sum mil be the number required." 

It is obvious that the second term of (3) will not come into use until ( — . - J becomes 

a whole number: that is to flay, until a, d. 4300, when a - 18 (= 43 - 18 = 25) becomes 
s3 
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= 1, and .'. the second term = 8. Up to that date the Lunar Equation is given by the 
third term ; that is to say, } = 1 + f ^ ) ^ 1> where -^ must be less than 8. 

We will now give some examples to illustrate the use of the above formula (3). 

Ex. 1. Find } for a. d. 2100. 

The second term will not have come into use ; and the third term 

, /21 - 18\ , , 

Hence, we get } = 1 + 1 = 2, 

the number sought. 

Ex. 2. Find } for a. d. 4200. 

The second term must be omitted. The third term 



^42 - 18 
25 



1-2^, 



which, divided by 3, would give 8 ; but (as above explained) we must take 7. Henoe, 

1=1 + 7 = 8, 
the required number. 

Ex. 3. Find } for a. d. 8500. 
Here the second term 

'85 - 18^ 



25 



') x8 = 2x8 = 16; 



/— X 17 

the third term ^[kk] ^i = -Q- = ^- 




r 



Hence J = 1 + 16 + 5 = 22. 

Ex. 4. Find } for a. d. 11,600 : i. e., 10,000 years after 1600. 
Here, the second term 

Thethirdtenn " (H) '^ * °(t) " ''• 

henoe, j = 1 + 24 + 7 = 32. 



THE CALENDAE. 133 

Delambre lias given (Astron. Mod., i. p. 9) the following elegant expression for the 
total amount of the Lunar Equation in any century, cr, of the Christian Era, after the 
correction of the Calendar — 

/cT - 15 - a\ ... 

* = (—3—1' ^'^ 

• / CT - 1 / 

where a = 



25 



w 



This may be proved thus. If the Lunar Equation were one day every 300 years, 
reckoning fix)m 1800, its total amount for any century a. d. {a) would be -J^rd of the num- 
ber of centuries elapsed between 1800 and <t, omitting fractions: that is, f — ^ — ] ; and 

this formula actually holds for the 23 centuries from 1800 to 4100 ; but when we come to 
A. D. 4200 (the twenty-fourth century), the correction is deferred till the next century, 
4300 (the twenty -fifth century, reckoned from 1800) ; or, which is the same thing, century 
4200 is dropped out of the reckoning, and WiQfonr centuries from 3900 to 4300 are dealt 
with as if they were only three. In the same way, the correction in a. d. 6700 (the next 
twenty-fourth century, reckoning from 43) is deferred to a. d. 6800, and the four cen- 
turies from 6400 to 6800 are again dealt with as if they were only three. Similarly, the 
correction in a. d. 9200 is deferred to 9300, and so on continually. In this way, by 
dropping out the centuries 42, 67, 92, &c., with their corrections, we in effect render the 
total number of corrections equal to -^rd of the number of centuries (<r - 18) thus re- 
duced. But 

42 = 17 + 25; 67 = 17 + 225 ; 92 - 17 + 325 ; &c. ; 

42-17 , /67-17\ ^ 
so that -gg- = l5 (^-25~A= ^• 

consequently, the number of centuries dropped out, or the number of deferred correc- 
tions, for any century (<t) may be represented by ( — tv^— I . This is the correction to be 

applied to ( ^-h — ) , on account of the deferring of every eighth equation to the 400th year. 

Consequently, calling this ( ^-^^ — j , at, we get the total Lunar Equation for any cen- 
tury — 

»-('-^T^) 



134 THE CALENDAE. 

adding 1 to this, for the Limar Equation in 1800, we find 

'«T - 15 - a"' 



» 



3 






It is obvious, from the above formula (4), that the value of a will be till <t - 17 = 25, 
or a = 42 ; therefore, until the year 4200, a may be neglected in the computation of the 
Lunar Equation. Had the proemptosis been taken, as it ought more correctly to have 
been, at one day in 308 years (Art. 74), instead of 312 J years, the Lunar Equation would 
have taken place only twelve times in 3700 years, or eleven times successively at the end 
of 300 years, and the twelfth at the end of the following 400 years. On this supposi- 
tion, it is easy to show, in the same manner as before, that the value of a would be 

f --07— ) > and, therefore, a would be until <r - 17 = 37, or until a. d. 5400, 

(1). The following proof is given by Delambre : — 

Let X be the number of centuries from 1800 to the century of the Christian Era for which the total 
amount of the Lunar Equation is sought. The conditions of the problem are : T. There are to be 8 cor- 
rections in every 2500 years, reckoning from 1800 ; and, 2". that 7 of these corrections are to be made con- 
secutiyely at intervals of 300 years, the eighth being deferred to the 400th year. 

By the first condition, the total number of corrections for x centuries is obviously ( ^p ) . But 

\2o/ w 



/8£\ _/25^_^\ ffUL) . 
\25y^" \ 75 75/^ \ S /^ 



By the second condition [--] must be taken as 1 ( = — - J when x = 24, because f — ^ j =8, 
whereas 8 cannot come till j; = 25. Similazly, when a; = 25 1 24, ( -- j must be taken as 2 ; and gene- 
rally when'« « m . 25 + 24, f ^ j must be taken as m + 1. Instead, therefore, of f -- j , we must 

write (?"*" ) , and the general expression for the Lunar Equation for x centuries contained between 
\ 26 / w 



1800 and the given century, cr, is 



\ 3 A \ 3 /.c' 



and adding 1 for the Lunar Equation in 1800, we get finally, 



^-^■^^4m. 
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Delambre (Astr. Mod. i., p. 69} gives another expression for the Lunar Eqiiatioxii due to the Abb6 
TitteS Getting., 1816. It is 

It maj be deduced from equation (4) of Art. 88, at once, thus : 



25(cr-.15) \ / cr-17 
5 • ^ 2. - 



)u,'\ 25 jtr ) 

"3 A' 



This is a ease in which equation {e) of Art. 87, Note 2, applies. 

We have then 

//25cr-375-«r+ 17 -1\ 



24cr - 334 



« .-, 



):! 



/ ^<r-112 \ 
\ 26 /«» 

/S.r + 13\ . 
showing that 9 » 9' - 7. 

89. We can now fiud the comj*ned effect of the Solar and Lunar Equations for an 
oentuiy a. d. (a) after 1600. 

By formula (2), Art. 87, the total Solar Equation, or number of descents^iB, 



-^ /<T-16\ 



By formula (4), Art. ii8, the tot 1 Lunar Equation, or number of ascents, is, 

But as the number of descents exceeds the number of ascents, the actual number oj 
displacefmnts downwards due to loth causes combined is 

Ex. 1. Find the total displacement downwards for a. d. 2000. 
Here - 3 ; and $ = 1. Hence the required displacement » 2. 
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eyery 400, reckoned from 1600, instead of in every 402 years, as it should be (Clav., p. 86), would give 
xise to an error of one day in 26,800 years ; 

6 1 



\400 402/ 16 



60800 26S()0 

(2). The reason why Lilius' Table ceases to be applicable after 8100, and why it is necessary to de- 
8oend two Letters instead of onCy in passing from 8100 to 8200, is given by Clavius, cap. xii., 10. It 
depends on the tvoo Epacts 25, 24, being affixed to the same day, February 25. 

91. Having now discussed the effects upon the position of the Golden Numbers j pro- 
duced by the Gregorian reformation of the Calendar, we have next to inquire what 
changes it made in the Bules for determining the Sunday Letters. 

I have ahready shown (Arts. 31, 32, 33) how these Letters (Old Style) may be found 
by a Table and by arithmetical f ormulse. I shall now proceed to give the corresponding 
Table and formulae for the New Style. 

The effect of omitting the 10 nominal days between Oct. 4th and Oct. 15th, was, of 
course, to drop the 10 Calendar Letters corresponding to those 10 days : in other words, 
to <^iTniTiiiili by 10 the number of regressions (Art. 32) that would have taken place had 
the Julian reckoning remained unaltered. But as 10 = 7 + 3, and as the 7 is dropped in 
the division by 7, the diminution of the number of regressions was 3. Now we have 
seen that the number of the Julian Simday Letter, or the number of regressions, cal- 
culated by reference to the Prayer Book scale, 

A G F E D C B 

12 3 4 0, 

for any year x a. d. is — 




fix)m which, if we deduct 3 before dividing by 7, we get 




(1) 

This is the expression for the Sumlay Letter after the correction in 1582 ; and as no 
further omission of a day, or Solar Equation, takes place until 1700, this expression 
will give the Gregorian, or New Style, Sunday Letter from Oct. 15, 1582, to the end of 
the year 1699. 
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Thus the following Rule, for the period just defined : — 

" To the number of the year add its fourth party omitting fractions, and to the result 
add 2 ; divide the sum thus obtained by 7 : if there be no remainder the Sunday Letter 
is A : if there be a remainder, the Letter in the above scale corresponding to that re- 
mainder, will be the Letter required/' 

Ex. 1. Find Sunday Letter for 1582, after the correction. 

Here we have f = ] =(--y-) = 5 = (by the scale) C. 

The Letter before the correction was G, 3 regressions further on. 
Ex. 2. Find Sunday Letters for 1632 (Leap-year). 



Here we have f = ] =5=0. 



But as this was Leap-year, C is the second Letter (Art. 32) ; and, therefore, the required 
Simday Letters are D C. 

92. In 1700 the Solar Equation takes place, which oausea tiie omiBaioii of another day: 
that is to say, we must deduct anotiier unit £rom formula (1) of Art. 91 ; which gives 
us for the century 1700-1799, indusiye, 




This is the Bule given in the Prayer Book, viz. : " Add to the year of our Lord itt 
fourth part, otnitting fraetiotu ; and also the number 1 : divide the mm by 7 ; and if there it 
no remainder, then Ait the Sunday Letter : but if any number remaineth, then the Letter 
standing against that number, in the same annexed Table, is the Sunday Letter." 

A 

1 G 

2 F 

3 E 

4 D 

6 

6 B 
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Ex. 1. Find Sunday Letter for a.d. 1734. 
Here we hare 



(i^^i^^^),-m-»-o. 



Ex. 2. Find the Sunday Letters for 1748 (Leap-year). 
We have 



/ 1748 + 437 + 1 
V 7 



= I —y- J = 2 = F. Consequently the Letters are Q F. 



93. In general, the number of Letters omitted will be 10, plus the number of days 
dropped on account of the secular Solar Equation, which we have already seen (Art. 87) 

to be = ff - 16 -( — 7 — ) • Hence, subtracting this from the formula (1), Art. 91, 

which gives number of the Sunday Letter after the omission of the 10 days, and 
before the secular Solar Equation begins, we get as the general expression for L for 
any year A. D. x 

-^ 7 



X ■¥ 



L~ 




(2) 



or 7 + 




(3) 



__ <r\ \ if the first remainder ex-' 
4/m> ] ceed the second by equation 



{V) of Art. 87, Note 2 ; 

if the second remainder ex 
ceed the first. 



7 /r \ 7 
Both these last equations are included in the general expression 




(4) 



(5) 



where 



Xi 



(x\ 

\^Jw J, ffl 



a - 



7 /r V 7 

Let us apply these expressions to some examples. 

t2 
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Ex. 1. Sunday Letter for 1875 a.d. 

Here ^ + ( 7 ) = 2343 ; so a-i = 5 ; <t - ( | ) = 14 ; <ti = 0. 



Thus i = 5 = C, by the scale, Art. 91. 






For the 19th century, <ti = 0, and L = \ ^ J ; which is the Rule given in the 

Prayer Book for finding the Sunday Letter from 1800 to 1899. 



This Rule holds good, whenever <y ( t ) is a multiple of 7. 



w 



94. We have seen (Art. 33) that in the Julian reckoning the Sunday Letter L may 
also be found by means of the formula (2), Art. 33, Note. 

the scale to which it is referred being 

A B C D E F G 
12 3 4 5 6 7, 

where the numbers correspond to the natural order of the seven Calendar Letters. 

To adapt this formula (3) to the Gregorian Calendar, we have only to deduct from 
the quantities within the brackets the number 10, due to the omission of the 10 days in 

1582, and the Solar Equation <r - 16 - ( ^— ^ — ) : which will give 



w 



.+(?^ _3-io ' "• ^"-^^^ 



Z = 7- 



4 



-(t-16)-h(- 



w \ ^ /tc 



Add 14 to the numerator of the quantity within the bracket, and we get 

_. '*['ih''-'*{L ] (3) 
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or, if the last numerator be called B, L = 7 - 
L in the natural scale above given. 



It 



Y ) > which is Delambre's expression for 



Ex. Find L for 1875. 



Here 



So 



or + U ) + 1 = 2344, and <t - 16 = 2. 
X = 7-(?^)^ = 7-4 = 3 = C. 



It is to be observed that the texm ( — -, — ) does not come into use till a.d. 2000. 



c 



to 



Betuming to formula (2), Art. 93, we shall see that, if we put 




= X. we 



have the following values for L for the first seven centurial years after the Gregorian 
correction : — 

From 1583 to 1699 (inclusive), i = ^ + 2. 



From 1700 
From 1800 
From 1900 
From 2100 
From 2200 
From 2300 
From 2500 
From 2600 
From 2700 



to 1799 
to 1899 
to 2099 
to 2199 
to 2299 
to 2499 
to 2599 
to 2699 
to 2899 



L 
L 
L 
L 
L 
L 
L 
L 
L 



a; + 1 

£ + 

^ + 6 

0? + 5 

a? + 4 

^ + 3 

£ + 2 
0?+ 1 

■;^+o; 



and so on for each successive series of nine centuries. The numbers added to Xj after 
passing through zero, go to the other end of the scale, 6. 

As the number of regremom of the Julian Sunday Letter is diminished in the Ghre- 
gorian reckoning by 10 ; and further by 0, the Solar Equation ; if X^ be the number of 
the Julian Sunday Letter for any year a. d., .r, and L be the Ghregorian Sunday Letter 
for the same year, we have 



JJ - L^[ — - — 1 , in retrograde order of Letters; 



(4) 



'/' 



or. 



L-L'^ 



10 + © 



, in direct order of Letters. 



(5) 




95. The above formulfe are quite suffloient to find the Gregorian Sunday Letter for 
any year a.d. But it is convement to have a Table which will ahow it at onoe on in- 
epection, as in the case of the Julian Sunday Letter (Arts. 30 and 31). 

To construct this Table, it is only necessary to bear in mind that, as the Gregorian 
suppression of certain centurial Leap-years (Art. 77) interrupts the regular order of the 
Letters in the Solar Cycle of 28 years, this regular order will hold good for only a cen- 
tury. The intercalary period in the Glregorian reckoning is 400 years, in which there 
are 97 Leap-years ; instead of four years with one Leap-year, as in the Julian. Hence 
it follows that after the lapse of any period of 2800 years [7 x 400) the days of the week 
must fall on the same days of the year as they did in the preceding period ; just as in the 
case of the 28-year cycle in the Julian reckoning. But the recurrent coincidence will 
actually take place in a much shorter period than 2800 years, namely in 400 years : 
because, since the Sunday Letter retrogrades 5 places every four years, it will retrograde 
600 places in 400 years ; which, dividing by 7, is in fact equivalent to 3 ; [ -5- 1=3. 
But the Gregorian Eule siippresaes three intercalations in the same time. Hence, the 
same coincidence of week-days and month-days recurs every 400 years. Accordingly, 
a Table of Sunday Letters for 400 years will show the Sunday Letters in the 
Gbegorian reckoning, for ever. Strictly speaking, this Table begins vlth Octobw 
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loth, A.D. 1582. We divide the Table into four columns, containing the units 
and tens in 100 years ; and a second set of four columns containing at the top the 
centurial jeaxs^ beginning with 1600, in groups of four: 16, 17, 18, 19 ; 20, 21, 22, 23 ; 

&c. ; with the general expression corresponding to each column, (-r ) ~ ^» ^^* ^® ^^^^ 

that the Sunday Letters of 1600 were B A; which accordingly we write in the top line 
of the Sunday Letters, under 16, and in the horizontal row marked 00 (which express the 
two last figures of each centurial year). We then find in the regular order of succession 
all the Simday Letters of that ovntury, down to 1699 ; and which are shown in the first 
of the four columns. Having completed this column, we go to the second, answering to 

1700, 2100, and generally to f -^ ] = 1. These centurial years are all Common years, and 

therefore their Letter is G, which regularly follows D of 1699, and so on of the rest. 

As the series of Sunday Letters recur on the same days of the month every 400 years, 
we may for the present purpose include all centuries under the symbols 



(fi-«m-.(ii--(ii-- 



Hence the construction of the Table is obvious. 
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Hundredi of Years A. d. 












15 




16 


17 


18 


19 


Uniis and Tens^ by which 


20 


21 


22 


23 


the Given Year exceeds 


24 


25 


26 


27 


the Hundreds. 








m W& 




/X\ 


l^\ 


/^\ 


/^\ 




(7) =0 


(t) =1 


(7) =2 


(7) ==3 




\^lr 


\*/r 


\^/r 


\^/r 


00 


1 




BA 





E 


G 


1 


29 


57 


85 


6 


B 


D 


F 


2 


30 


58 


86 


F 


A 


C 


£ 


3 


31 


59 


87 


£ 


G 


B 


D 


4 


32 


60 


88 


DC 


F£ 


AG 


CB 


6 


33 


61 


89 


B 


D 


F 


A 


6 


34 


62 


90 


A 


C 


£ 


G 


7 


35 


63 


91 


G 


B 


D 


F 


8 


36 


64 


92 


F£ 


AG 


CB 


ED 


9 


37 


65 


93 


D 


F 


A 


C 


10 


38 


66 


94 


C 


£ 


G 


B 


11 


39 


67 


95 


B 


D 


F 


A 


12 


40 


68 


96 


AG 


CB 


ED 


GF 


13 


41 


69 


97 


V 


A 


C 


£ 


14 


42 


70 


98 


K 


G 


B 


D 


16 


43 


71 


99 


D 


F 


A 


C 


16 


44 


72 




CB 


£D 


GF 


BA 


17 


45 


73 


■ 


A 


C 


£ 


G 


18 


46 


74 




G 


B 


D 


F 


19 


47 


75 




F 


A 


C 


£ 


20 


48 


76 




ED 


GF 


BA 


DC 


21 


49 


77 




C 


£ 


G 


B 


22 


50 


78 


B 


D 


F 


A 


23 


51 


79 


A 


C 


£ 


G 


24 


52 


80 


GF 


BA 


DC 


FE 


25 


53 


81 


£ 


G 


B 


D 


26 


54 


82 




D 


F A 


C 


27 


55 


83 




C 


£ 


G 


B 


28 


56 84 




BA 


DC 


FE 


AG 



To illofitrate the use of this Table, let us take a few examples. 

Ex. 1. Find the Sunday Letter of a.d. 1700. 

Look for 17 at the top, and for 00 in the side column, and where the horizontal row 
intersects the vertical column, we find C, the required Letter. 

Ex. 2. Find the Sunday Letter of 1876. 

The vertical column in which 18 is written intersects the horizontal row which con- 
tains 75, in C, which is the required Letter. 

Ex. 3. Find the Sunday Letter of a. d. 8750. 

Here 

we look, therefore, at the intersection of column 3 with the horizontal row containing 50, 
and we find A| the required Letter. 
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Ex. 4. Find the Gregorian Sunday Letter of 1582, after the correction. 

=«• (^)-3: 

therefore, where oolumn 4 iiitersect« horizontal row 82, we find G, the reqidred Letter. 

We know that B was the Sunday Letter of a. d. 1. Hence column 2 shows all the 
Julian Sunday Letters of the first century of our era ; and, by a simple calculation, all 
the Julian Sunday Letters up to the date of the correction of the Calendar may be de- 
rived from that column. The Rule is this : — ^Divide the number of the given year by 28, 
and the Letter in column 2 standing opposite to the remainder will be the required 
Letter. If there be no remainder, the Letters will be DC. 

Ex. 1. Required the (Julian) Simday Letter for a.d. 1050. 

Here we have i -5^- ) = 14, 

the horizontal line of which intersects colimm 2 in G, which is the required Letter. 
Ex. 2. Required the Julian Sunday Letter for a. d. 1148. 

Here (^W) =" ^' ^^ ^^ • 

therefore, the sought Letters are DC. 

Hence it appears that this Table will give the Sunday Letters for both the Old and 
New Style. 

96. To find for what centuries the Old and New Style Sunday Letters are the same, 
we remember (Art. 94) that they agree whenever 

= 4 + mult. (7). (1) 

But we have seen (Art. 87, Note 3) that, when is given, we find <r by the formula 



a = 



. ('J^\. (2) 



Hence L and L' agree when 

'4 (16 + mult. (7) ) 



a = 



). 



The successive values this last bracket takes are 21, 30, 39, 49, 58, &o. Hence L and 
L' coincide during the centuries whose centurial figures are 21 , 30, 39, 49, 58, &o. 

u 
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« 

The same series of Letters do not repeat themselves until after a cycle of 2800 years, 
as we might conclude from the fact that 2800 is the L. C. M. of 700 (the Julian Cyclci 
Art. 30) and 400 (the Gbegorfan Cycle, Art. 95). 

97. We can also construct another useful Table, to find the Gregorian Sunday Let- 
ter for any year a. d. or, from the general expression for X, Art. 93, (3) : viz., 




^=- 7 

the scale being the Prayer Book scale. 

The construction of the Table depends on the two following Lemmas, which are 
easily proved : — 

(a) . The term <r - ( 7 ) « depending on the Solar Equation, is the same for any two 

centuries separated by an interval of 9, provided we start from a suitable value of a. 

[b). For any century whose centurial figures are divisible exactly by 4, the second 
term is the same as for the century immediately preceding. 

Proof — (a). Let a' = a + 9 : then 



.--ii ...» 



-m 



=sa + 9--) -- 
\4/ V4 



by Art. 87, Note 2, equation (o'j, provided that a is not - 4 m + 3, in which case we should 
have 



(H-').-(iV(| 



+ 1. 



But (j) =2; 

hence, omitting the 7, we find that, unless 9 » 4 m + 3, 

^ - ( 4 ) = ^ - ( 4 J • 

(b). Let <y = 4 m : then <y - 1 = 4 f/i - 1. 
Thus 

4m-f — j =3m; and 4 m - 1 - f — j — J = 4 ;;» - 1 - (m - 1) = Sm. 

This being premised, we have only to find the different values of L for nine oen- 
turies, beginning with 1600, and thence we ascertain the values for all centuries by 
means of Lemmas {a) and (b). 
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For 



1900 
2000 


. . 6 


2100 . 


. . 5 


2200 . 


. . 4 


2300 1 
2400) ■ 


. . 3 


2500 . 


. . 2 


2600 . 


. . 1 



; &o. 



The vertical columns show all the centuries to which each of the seven values at the 
head of the columns respectively belong. It will be observed that the centurial figures 
in each vertical column differ by 9 (Lemma (a)), except when the centurial figure is 
exactly divisible by 4 (Lemma (()), in which case they have the same head figure as 
the preceding century, e. g. 

1900 4700 

2000' 4800 

This Table is the First of the three General Tables in the Prayer Book, entitled " A 
General Table for finding the Dominical or Sunday Letter." The Bule given in the Prayer 
Book is the translation into words of the formula (Art. 93 (3)), from which this Table 
is constructed) viz. : " To find the Dominical Letter for any given year of our Lord, add to 

the year its fourth part, omitting fractions (^ + (t) \ and also the number which 

standeth at the top of the column, wherein the number of hundreds contained in that 

given year is found ( - <^ + ( 2 ) ) 5 <iivide the simi by 7, and if there be no remainder, 

then A is the Sunday Letter ; but if any number remaineth, then the Letter which 
standeth imder \over in the above Table] that number at the top of the Table is the 
Sunday Letter." 

Ex. 1. Find Sunday Letters for 1680 (Leap-year). 

Here we have 



x^ 



a? + ( - = 2100 



-.cr-,- 




= - 12 = + 2, 



10 



L4m\-2.Y; 



hence the Letters are GF. 



\—, 
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Ex. 2. Find Sunday Letter for 1875. 

fx\ ( /<r\ \ 

Here we have a^ + t 1 = 2343 : and -i<^-t =-14 = 0. 

\4ytr V vVio/ 

TT X T /^2343\ . ^ 

Hence we get i = I -y- ) = o = C. 

The same result may be obtained directly from (3) or (5), Art. 93. 

98. To change Old Style into New, and r. t?., the following considerations must be 
attended to. 

The number of days omitted in 1582 was ten. The Solar Equation drops three out of 
every four centurial Bissextile days, beginning with February 29, 1700. Accordingly, the 
N. S. dat« is (10 + ©) days in advance of 0. S. date. Hence the general formula for 
converting 0. S. into N. S. is this, 

N. S. = 0. S. + (10 + ©) days. 

In other words, if rf = New Style - Old Style, 

ef=10 + ©=10 + cr-16- (^^^) . 

By Art. 87, Note 3, we can solve for <r in terms of (/, and get 

E. g.f required the century in which the diflference of style will be a whole year (365 days). 
Here d = 365, and .*. <r = 489 : t. e., the Julian year 48,900 will begin on the same day as 
the Gregorian year 48,901. 

The Solar Equation (©), or the omitting of a Bissextile day, does not begin till 1700, 
when the Bissextile day is omitted, and March 1 follows February 28. A second Bis- 
sextile day is omitted in 1800 ; a third in 1900 ; and in 2000 there is no omission. 
Hence we have this 

Rule for changing Old Style into Netc. 

At and from Oct. 5, 1582, up to Feb. 29, 1700 (inclusive), add 10 days to the 0. S. date. 

Mar. 1, 1700, „ 1800 „ 11 

„ „ 1800, „ 1900 

„ „ 1900, „ 2100 

and so on. 



» 


a.x 


» 


» 


» 


12 


» 


» 


» 


13 


91 


» 
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Thus, March 25, 1585, 0. S., is (adding 10) March 35 = April 4, N. S. 

Dec. 25, 1692, „ „ Dec. 35 = Jan. 4, 1693, N. S. 

Feb. 29, 1700, „ is (adding 10, and omitting Biss.) = March 11, N. S. 
April 16,1738, „ is (adding 11) = April 27, N. S. 
Aug. 30, 1850, „ is (adding 12) = Sept 11, „ 
and so on. 

The only difBiculty that can present itself is when the given date is Terj near 
the point at which the Bissextile day occurs in the Old Style, but is omitted in the 
New. 

The following Table will clear up all doubts in this case. 



1700. 



o. s. 



N. 8. 



Feb. 28 = March 10 

„ 29 = „ 11 

March 1 = ., 12 



fj 



1800. 

O. S. N. S. 

Feb. 28 = March 11 



29 = 



Marbh 1 = 



j> 



99 



» 



12 
13 



1900. 



o. s. 



N. S. 



2100. 



o. s. 



N. 8. 



Feb. 28 = March 13 



„ 29 = 

March 1 = 



99 

99 



14 
15 



Feb. 28 => March 12 
„ 29 = „ 13 
March 1 = » 1^ 
and so on. 

Hence we see that the following is the 

Rule for changing New Style into Old. 
At and from Oct. 15, 1582, to Mar. 10, 1700 (inclus.), subtract 10 days from the date. 

Mar. 11, 1700 „ 11,1800 „ 11 

„ 12, 1800 „ 12, 1900 „ 12 

„ 13,1900 „ 13,2100 „ 13 



99 
99 



99 



99 



99 



Ex. 1. Find the 0. S. date corresponding to March 9, 1700. Here, subtracting 10, 
we get the required date 0. S., Feb. 27. 

Ex. 2. Find the 0. S. date corresponding to March 14, 2100. Here, subtracting 14, 
we get March 0, or Feb. 29, 0. S. 

99. We have already seen (Art. 36 {e) ), how to find the number of days elapsed from 
Ist of Jan., A.D. 1, to 1st of Jan., a. d. a?, x being any year old style. We have now to 
inquire what modification in this calculation is necessary for New Style. 
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The formula referred to is 2) =( a? - 1) 365 + [ — j— ) . 

To adapt this to any year dr, N. S., we must deduct the 10 nominal days dropped in 
1582, and also the number of Leap-jeoxs omitted by the Solar Equation, viz., 

So ihat, if A denote the number of days from a. d. 1 to any year x, N. S., we liave, 
putting 



A = (i; - 1) 365 + (^^) - 10 - (a - 16) + 



'to 



- (X - 1) 365 H- (i^^) (_,_2)+(|). (1) 

H«c., A . 7) . 2 - {^l . [^l. P) 

This is the formula for the number of days elapsed from the 1st of January, a. d. I, to 
January 1 of any year subsequent to 1582. 

Ex. For 1583. Here a - 2 = 13, and f 7 ) = 3 ; and - 13 + 3 = - 10. Hence 10 

must be subtracted from the number of Julian days. 

To find number of days from Jan. 1, a. d. x, 0. 8., to Jan. 1, a. d. x\ N. S., we use 
Art. 36, equation (2), and get 

D'-2) = (.'-.)365.('-:^')^-(,-2).g)^[.l} (3) 

where the quantity within the square brackets is to be added only when 

V- 1\ (x - 1 



/• 



Ex. Find the number of days from April 5, a. d. 30, to April 5, 1840. 
Here of - x = 1810. Hence, since April 5, a. d. 1, to April 5, 1840, equals from 
Jan. 1 to Jan. 1, plm the Leap-year in 1840, we get 

ly-D^ 661,103 days - 12 = 661,091 days. 

In the same way, if we require the number of days from a;7y given day, a. d. x (before 
correction), to any given day, a. d. a! (after correction), we get the answer from formula 

(3), Art. 36, by subtracting the number ^^ - 2 - ( 7 ) . 




100. The same modification must be made in calculating intervals hy the method of 
quadriennia (Art. 39), After finding the number of days in the Julian reckoning, -we 
must subtract the nionber a - 2 - f ^ 



1562, to Feb, 29, 1700, we must subtract 10 days : and so on as explained in Art. ' 

Take, for example, the instance given above, viz. : the number of days from April 5, 
A. D. 30, to April 5, 1840. 
1810 



Here we have 



of which two, one — 1840 — ia Bissextile. 

400 (Quadr.) = 584,400 daya. 

50 „ = 73,050 ., 

2 „ = 2,922 „ 

1 « 365 = 365 „ 

1 « 366 = 3G6 „ 



661,103 = total number of Julian days; 

from which subtract " - 2 - f j] =12, which gives the same number of days aa before. 

If we require the number of days elapsed between any two dates, to/h of which are 

subsequent to the correction in 1582 : — then if j-,, x, be the years, and o-, a the oorre- 

eponding centuries and a, a, the days of the month, formula (3), Art. 36, becomes 

-l^ f"-'^\ .,_, _ 



v-D.iz.-t,) > 30.; ^r 



- W - '} * 



-a. 1,4) 



101. The Gregorian Calendar, or New Style, was immediately adopted in 
Spain and Portugal, and the greater port of Italy ; in France, two months 
after the publication of, the Bull. The Catholic Cantons of Switzerland adopted it 
in 1583, the Poles in 1586, and Hungary in 1587. In Germany, the Emperor 
and the Catholic states adopted it iu 1583; but tlio Elector of Saxony, and the 
other Protestant states, refused to do so. The reason why the Protestants refused at first 
to adopt the Gregorian reformation was not merely their objection to yield to the 
mandate of the Pope, hut also because Joseph Scaliger and other learned authorities had 
objected to the new reckoning as not sufficiently in accordance with astronomical accu- 
racy ('). The difference of reckoning thus arising between the adherents of New and Old 
Style gave rise to many disputes and perplexities, especially in places where the Pro- 
testants and Roman Catholics were mixed together. At Augsburg, in the Diet, for 
many years disputes on the subject took place, which were known as the " Calendar con- 
trorersij" (Eolenderstreit) ('). At last, in the year 1700, at the instance of Leibnitz, and 
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with the aid of the mathematician Weigel, the German Protestant states reformed Iheir 
•Calendar by omittiuglldays, and bo far agreeingwiththa Gregorian reformation. TheFoa- 
■iiTal of Easter, however, was determined, not by the fourteenth day of the Cn/cndnr Moon, 
but by the true astronomical Full Moon of the Tables. This reformed German Calendar 
was adopted by Denmark, the United Netherlands, and the Reformed Cantons of Switzer- 
land. The different modes of determining Easter neoeHsarily occasioned, from time to 
time, a difference in the day kept, and consequently, new disputes. The first case of this 
kind happened in 1724, when the astronomical reckoning of the Full Moon gave the 9th 
of April as Easter Day, wliile the Calendar Moon gave the 16th. A second difference 
took place in 1744, when the German Protestants kept the 29th of March, and the Roman 
Catholics April 5. A third would have occurred in 1778, and a fourth in 1798, had not 
the Coi-pim Evangelicoriuii, at the instance of Frederick the Great, decided to restore the old 
method of calculating Easter by the Calendar Moon. In 17'33, England adopted the Gre- 
gorian Calendar (^). And now the Russians aud Greeks are the only nations in Europe 
who adhere to the Old Style. At present their reckoning is 12 days behind that of the 
rest of Europe. Throughout Eastern Christendom also the Old Style still prevails. 



(!}. It was to meet such objeotions that Clavius wrote hiii great work, so often referred to. Still, after 
all Ub labour and skil] in defence of tike Orcgoriim refomiitlian, fionisn Catholic authoriticB theroselveii 
ndmit its defects. 

(2). Sec on the subject of the Kalenderetreit, IJvler, ii, 321-32.> ; Py/er, Oeachichte des Osterfeets Zeit 
der Kttleaderreformition, Berlin, 1845 ; and Ileriug, EnuyclDp&die, Art. " Kalender." 

(3). In the twelfth oenttuy, the Anghcan Church oommenced to date the year from the 25th of March, 
This practioe was adopted by civHinna in the fourteenth century, and continued in use until the refonna- 
lion of the Calendar in 1762. 

In fact, prior to the Statute of 24 Geo, II. ch. 23, there were two different commenoemonte of the year 
in England : — 

r. The Siitorical year began on Jannary I. 

2'. The Eccleiiaslieal, Cifil, and Lri/al yent began on the 23th of Maii'h. 

Great confusion arose, as might he exiwoted, from these different modes of computation. The Logis- 
lahire, the Church, and civiliana, referred every event occurring between January 1 and March 25 to 
a different year from the historians. Sir H. Xicolas ( Chroaoloffij of Uistunj, p. 42) observes that two of 
the most celebrated events in English history afford remarkable eiamplcs of the confusion arising from 
this difference of reckoning. Most authorities state that Charles I. was beheaded on the 30lh of Januar}-, 
164B ; while others, with equal correctness, assign that event to the 30th of January, 16-49. Again, the 
revolution which drove James II. from the throne is stated by some writers to have taken place in Febru- 
ary, 1688 ; whilst, according to others, it happened in February, 1689. These discrepancies are explained 
by the fact that some historians used the Cici/ and itya/ year, while others used the SUtorical, Any 
event occurring after the 26th of March, in either of those yearn, would have been referred to the wnio 
year by all. To avoid the mistakes which this difference of reckoning produced, itwuuBual, in giving the 
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date of IH1J- event between Iholst of January and the 2Jth of March, to write holh years, the Ltgal and 
the Uiitoriral, the latter being put i^fler the former, thus, Jannary 30, 1648-9. 

At the introduetion of the Sew Style into England, and for some time after, it woauBual to express tba 
two dates in doniimentB and books, by writing them in the form of a fraction, tho old above, the new 



below the line, thus : 



Daring the nineteenth century, there ore twehe 



' 6th Jan., 1754 

days' difference between the Old and New Styles ; so that Christmas Day, Old Style, corresponds to the 0th 
of Jannary, the Pestival of the Epiphany, in the New. Henee, the latter day is often called " Old Christ- 
ma ■• Day." 

A trace of the old legal commcncciucnt of the year still remains in the custom of dating leases from the 
'2ith of March (I.ady Day), and making it one of the gale days for payment of rents. 

It is worthy of remark, that, while the Ecclea last Leal year was reckoned to commence on the 25th of 
March, during the whole interval from the firet compiling of onr Prayer Book, in 1549, down to its final 
revision, in 1662, and while in the Prayer Books of 1601 and 1662 the year is expretily stat«d to begin 
on March 25 (tiU Keeling, Liturg. Britann., p. xi. n.], still the Lessons in the daily Calendar are arranged 
with reference t« Jannary 1. 



10'3. I have just eaid that the Q-regorian reformation was not adopted in England 
until the middle of the eighteenth century. An effort to do so waa made in the reign of 
Queen Elizaheth, ahout two j'ears after the issue of the Bull in 1582. A Bill passed 
two readings in the House of Lords, entitled " An Act to give Her Majesty authority to 
alter and new make a Calendar, according to the Calendorused in other countries." No 
further notice seems to have been taken of it. Popidar prejudice appears to have been 
strongly against it, chiefly, it would seem, heoause the plan had emanated from Rome. 
A mathematician named H. Wilson wrote an able pamphlet in 1735 very coiiolnsively 
proving the necest^ity of the reform. It was not, however, until the year 1751 that an 
Act of Parliament (24 Geo. II. ch. 23) was passed, entitled " An Act for regulating the 
commencement of the year ('), and for correcting the Calendar now in use." The pre- 
amble recites that the legal aupputation of the year of Our Lord in England, according to 
which the year began on March 25 ('), had been found to be attended with many incon- 
veniences, and that the Julian Calendar had been discovered to be erroneous ; 80 that 
tho Vernal Equinox, which, at the time of the Council of Nice, happened on or about the 
2l3t of March, then happened on the !)th or 10th of that month ; and that the error was 
still increasing ; and that a method for the correcting of the Calendar had been received 
and establiahed, and was then generally adopted by almost all the other nations of 
Europe. It was therefore enacted — 

1". That the supputation according to which the year of Our Lord began on the 25th 
of March shall not be used after the last day of December, 1751 ; and that the Ist day of 
January next following shall be reckoned aa the first day of the year 1762, and so in all 
future years ['). 
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2". That the natural day next following llie 2nd of Septomher, 1752, Bball be called 
and reokoned as the 14th of September, omitting the 11 intermediate nominal daja of the 
Common Calendar ('). Thus, September 3 -13, 1752, had no existence in the English 
Calendar, as October 5-14, 1582, had none in the Roman. 

3'. That the centnrial years 1800, 1900, 2100, 2200, 2300, &o., shall be Common 
years ; and that 2000, 2400, 2800, &ci., shall continue to be reckoned Bissextile. 

4"^. That the method hitherto received in England for the calculation of the Paschal 
Full Moons, having become considerably erroneous, shall be discontinued ; and that from 
and after September 2, 1752, Easter Day and the Moveable Feasts depending upon it 
shall be celebrated according to the new Tables and Rules annexed to the Act ; and that 
a new Calendar shall be drawn, to be prefixed, along with the Tables and Rules, to the 
Book of Common Prayer. 

These Rules and Tables -were adopted and confirmed in Ireland by Statute 21 and 
22 Geo. III. eh. 48, in the year 1782, exactly 200 years after the Gregorian correction. 
So that of all the countries in Europe which have adopted the Gregorian reformation, 
Ireland is the last. 



(1). This Act may bo seen in Mr. A. J. Stephens' edition of the Book of Common Prayer, vol. i., p. 274 ; 
and Sir H. Nioolas' " Clironology of Hiatoiy," p. 37. 

(2). The Anglo-Saxons, according to Bede, began tbetr year with ChristmaB Day, December 25. But 
in the twelfth century, the Anglican Church began to date the year from Marth 25 ; which practice was 
ndopted by civilians in the fouiteenth century, and continued in use until the Statute of 24 Geo. II., in 
1751. 

In fact three different commencemcnta of the year have been in use in England: — 
I". The Historical year, which has for a very long time begun on January 1; 

ST. The Ciril, Ecchsiaatical, and Legal year, which began on Decejnhcr 25, and continued to be nied 
to the end of the thirteenlh century ; after which, in the fourteenth century, the year com- 
menced on March 25, and eo continued till 1 752. 

(3). The Tetott of this clause in the Act was that the year I7S1 (the Engliah Annua conJiiiioaU) con- 
tained only 282 Ecclesiastical and Civil days : viz., 3C5 minus the 83 from January 1 to March 24, inclusive, 
which, according to the old reckoning, belonged to the year 1750. This was, therefore, the shortest year 
in the Ecclesiastical and Civil annals of England. 

The reason why 11 d.iya were omitted is obvious. The Gregorian correction in 13S2 omitted 10 days ; 
and during the 170 years that elapsed between that and 1732, the Solar error of the Julian Colendiu 
had accumulated to another day. In the Gregorian Calendar, this additional error was prevented by the 
year 1700 being reckoned as a Common year, instead of a Bissextile. 

(4). We have seen (Art. 76) that, in the Gregorian correction, October (4-13) was selected forthe 
omission of the 10 days, because of the few Saints' days occairing in it. Some such reason probably de- 
termined the omission of the 11 days in September (3-13), no holiday intervening. Holy Cross Day (14th) 

x2 
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WAS pTobOibly retained because it was a featival muoh observed botb in the East and West ; and in Eng- 
land there were no less than 106 churches under the designation either of Holy Hood or Saint Cross. It ii 
Also the day in reference to which the September Ember Daj's arc determined. 

103. The leading part in carrj-ing the famous Act of Parliament was taken by the 
celebrated Lord Chesterfield. Tho London mob were bo enraged by the omission of the 
10 days, by wliich they thought their lives were shortened, that they pursued his carriage 
through the streets, loudly clamouring for the restitution of the days of which he had 
dared to rob them. The death of the Astronomer Royal (Dr. Bradley), who had pre- 
pared the new Tables for the Government, and which took place shortly after the passing 
of the Aot, was commonly regarded as a Divine judgment upon him for his iniquity 
in shortening the lives of so many people ('}. It is remarkable that, in the Tables and 
Rules drawn up in 1752, to adapt the English Ecclesiastical reckoning to the GFrego- 
rian reckoning, no use whatever is made of tho Epacis, the substitution of which for the 
Golden Numbers of the Old Calendar formed one of the characteristic features of the 
Gregorian reformation. Bradley, who drew up the Rules and Tables, adhered to the 
old method of calculation by the Golden Numbers ; and the Third General Table in the 
Prayer Book was intended, by means of the Golden Numbers, to correspond to the 
Eitended Table of Epacts in the Gregorian system, of which more hereafter {Art. 123). 

(1). In some parts of England it was believed that, at the moment when Christmoa Day began, the 
cattle always went down on their knees in their stalls ; and it is said that, when the change of style wu 
introdueod, the cattle refused to acknowledge it, but kept the commencement of the old Christmas Day in 
the old fashion. Nor were these objections peculiar to Protestant countries. In Boman Catholic coantriei, 
however, the authority of the Pope removed aU obstacles. The learned Jenuit, Riccioli, gravely informs ni 
that the blood of St. Jannirina, which liquefied on the 19th of September, and a aupematural rod which 
tlways badded on the morning of ChriBtmas Day, both acknowledged the change of style as soon as evei 
it vu mode, — DeUorgnn, I, c, p. 19, Note, 

104. The effect of omitting 11 nominal days in 1752 was, as in the case of the Gre- 
gorian correction in 1582, to change the Sunday Letter for all Sundays subsequent to 
the 14th of September. That year was Leap-year, and the Letters were ED. Eleven 
Calendar Letters were passed over, which changed the second Letter from D to A 
(11=7+ 4) (']. A, therefore, became the Sunday Letter for the remainder of the year. 
Hence, the year 1752 had, in the English Calendar, three Simday Letters, and in this 
respect it is unique, viz. : — 

E, from Jan. 1 to Feb. 29; 
D, „ March 1 „ Sept. 2; 
A, „ Sept. 14 „ end of the year. 
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In English history, the Old Style is used for any year before 1752; and iii 1752, up 
to September 2, inclusive : but from September 14 (inclusive) the New Style is used. 

(1). The Julian Sunday Letters for 1752 being E D, and the Calendar Letter of September 2 being G, 
that day was Wednesday. The next day, Thursday, was reckoned as the 14th, the Calendar Letter of 
which is £ : consequently, the following Sunday had A for its Letter. 

The formula for the Gregorian Sunday Letter in the eighteenth century — viz., 

L = V H^^^— y, (Art. 92) 

(Prayer Book scale) — holds, of course, for the English Calendar after the correction in 1752. Thus, for 
instance, this formula gives for 1752, after the correction, Z = » A. 

105. Let us now specially consider the change made by the Gregorian reformation 
in the Old Paschal Table (Art. 60) ; in other words, let us see what form the Paschal Table 
assumes for the year 1583. As the correction did not take place till October, 1582, the 
Easter of that year was past, and had been kept in accordance with the old Table. Now, 
we have seen (Art. 80) that the result of the clearing off the accumulations of Solar and 
Lunar errors was to depress the Golden Numbers 7 days from the positions which they 
occupied in the Old Church Calendar. In order, therefore, to find the Paschal Table for 
the year 1583, we have only to shift, in the Table, Art. 60, all the 19 Golden Numbers 
of the Paschal Lunation (29 days) 7 pljtces downwards. The Golden Numbers denote, 
as in the old Table, the Paschal Full Moons. In this way we get 
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THE NEW PASCHAL TABLE, 
After the Gregorian Correctiox of the Calendar until a. d. 1699, 



Golden Niim- 






Golden Num- 






hcrs denoting 


Days on which 


Sunday 


bers denoting Days 


on which 


Sunday 


Paschal Full 


Easter can fall. 


Letters. 


Paschal Full Eastei 


• can fall. 


Letters. • 


Moons. 




1 


I^foons. 






III. 




c 


i XV. Ar 


>ril 8 


1 
(1 




March 22 


D 


' IV. 


, 9 


A 


XI. 


„ 23 


E 




, 10 


B 




„ 24 


P 


1 XII. ! 


, 11 


C 


XIX. 


„ 25 


(} 


I. 


, 12 


D 


YIII. 


„ 26 


A 




, 13 


E 


1 


„ 27 


13 


IX. 


, 14 


F 


XVI. 


„ 28 


C 




, 15 


a 


V. 


„ 29 


D 


XYII. 


, 16 


A 




„ 30 


E 


YI. 


, 17 


B 


XIII. 


„ 31 


P 


XIY. 


, 18 


C 


II. 


April 1 


G 




, 19 


D 




n 2 


A 




, 20 


•E 


X. 


„ 3 


B ^ 




, 21 


P 




„ 4 


c , 


' 


, 22 


G 


XYIII. 


., 5 


D 




, 23 


A 


YII. 


„ 6 


E 


J 


, 24 


B 


1 


„ 7 


! 

1 




, 25 


C 



As there was no Solar Equation until a. d. 1700, and the Lunar Equation did not 
begin till 1800, this Table was in use from 1583 to 1699, both inclusive. In other 
words, the Golden Numbers continued in the same places during that period, no change 
being required. 

The Rule for finding the Stinday Letters varied from the Rule given in the old 
Table, in consequence of the omission of the 10 days in 1582. The Rule for the inter- 
val now under consideration (1583-1699) is the following (Art. 91) : — To the number of 
the year add its fourth part, omitting fractions, and to the result add 2. Divide the sum 
by 7 ; if there be no remainder, the Sunday Letter is A ; but if there be a number re- 
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mainiDg, the Letter corresponding to that number in the annexed small Table will be 
the required one. 

A 

G 1 

F 2 

E 3 

D 4 

C •. 5 

B 6 

In Leap-years, the Letter found as above will be the second Letter, the first being 
the preceding one in the scale. 

Ex. 1. Find the Sunday Letter for a. d. 1605. 

The Rule gives 6 as the remainder, which, by the scale, corresponds to B. 

Ex. 2. Find the Sunday Letters for a. d. 1608 (Leap-year). 

The Rule gives the remainder 3 =E (the second Letter). Therefore, the required 
Letters are F E. 

To find Easter Day by this Paschal Table for the year 1615. The Golden Num- 
ber 

The Sunday Letter, by the Rule, = 3 = A. 

Now, in the Table, Golden Number XII. is opposite to April 11, and the next A is 
opposite to April 16 ; which, therefore, is the day required. 

This Table can, of course, be exhibited in the same form as the Old Paschal Table 
(Art. 61). This corrected form of the old Table is that m our Prayer Book, entitled 
" A Table to find Easter till the year 1899, inclusive." 

106. In 1800, the Solar and Lunar Equations both took place, and neutralized each 
other ; so that the two Tables hold good until a. d. 1899. In 1900, the Solar Equation 
alone wiU take place, the effect of which will be to depress all the Golden Numbers one 
place lower down in the month. The Table, so modified, will hold good until 2199 ; 
because there is neither Solar nor Lunar Equation in 2000, and, therefore, no change 
takes place in that century. 

This Paschal Table is also foimd in our Prayer Book, entitled " Table to find 
Easter Day from the Tear 1900 to the Tear 2199, fnclusive." 




C^l-..' - 



From what has just been said, it ie obvious that vre can construct all the Buooeseive 
Paschal Tables which correspond with the changes required by the Solar and Lunar 
Equations. It is only necessary, for this purpose, to keep in mind the general Rule 
(Art. 82) : " When the Solar Equation alone lakes place, the Golden Numbers descend 
one place ; when the Lvnar Equation alone takes place, they iisecnd one place ; when 
neither takes place, or both concur, there is no displacement. " 

In this way, I have drawn up the Ihirli/ difereiit Paschal Tables required from the 
correction of the Calendar {1583) down to a. d. 8499, both inclusive — a period of 6917 
years. The f!iirti/-Jirsf Table, beginning M-ith A. n. 8500 — or 6900 years, reckoning from 
1600 — is the same, with regard to the position of the Golden Numbers, as the first (from 
1583-1699) ; all the Golden Numbers having during the interval successively occupied 
all the 29 days of the Paschal Lunar Month. Thus, Golden Number III., which, in the 
first reformed Paschal Table, in 1583, stands at the top of the column, opposite March 21, 
is found at the bottom of the thirtieth column, opposite April IS ; and in the thirty- 
first column (or Paschal Table) III. is again at the top, having flma returned to its old 
position. And so the Golden Numbers will proceed through another cycle, ending a. d. 
16,399 ; and so on, as already explained in Art. 86, There are, therefore, only thirty- 
such Tables. The line of figures, from to 30, at the top and bottom of the rows of 
vertical columns, denote, respectively, the number of displacements of the Golden Num- 
bers downwards from their position in 1600 ; and are, in fact, taken from the Eqwilion 
Tiihk (Art. 83). They may bo called the lude^ Fiijiiret to the columns of the Gtilden 
Numbers, as they correspond to the Index Letters of the Expanded Table of Epocts. And 
the dates at the top of the Table show, respectively, the centuries for which each column 
of Golden Numherfl holds good. For example, after the correction in 1582, and b^ore 
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any secular displacement arose — in other ^ords, when the Index Figure is — we find 
under the corresponding Paschal Table, already given in Art. 105 ; and above it we 
see that it held good in Eoman Catholic countries, from our 15S2 to 1699, Similarly, 
when one displacement downwards took place, we see under Index Figure 2 the corre- 
Bponding Paschal Table ; and at the top we learn that it holds from 1700 to 1899. It is the 
first of the temporary Paschal Tables given in the Prayer Book, and did not oome into 
use in the English Church until September, 1752. Index Figure 2 again denotes tho 
column of Golden Numbers that will be in use from 1900 to 2199 — the second temporary 
Paschal Table given in the Prayer Book: and so on of all the rest. These ludex 
Figures, as already remarked, are the same as the Index Figures in the second General 
Table in the Prayer Book. 

Suppose, again, we desire to know which of the thirty Paschal Tables will be in use in 
any century, we look for that century in the top of the Table, and the corresponding 
column gives the required Table. E. g., required the Paschal Table for the century 
beginning a. d. 6000. We find that the same Paschal Table will hold from 5900 to 
0199, so that the column whose index is 19 will be the required Table. If the given 
century for which the corresponding Paschal Table is required he beyond this Table, 
we have only to seek, by formula (2), Art. 89, what is the total displacement for that 
century {a), and divide it by 30 ; then look out the Index Figure in the Table which 
is equal to the remainder, and the corresponding column wiU be the Paschal Table 
required. E. g., required the Paschal Table for a. d. 11,600. Here we have the remain- 
der 13 ; hence, the required Table is that under Index Figure 13. 

The first column in this Table shows the Old Paschal Table before the reformation of 
the Calendar ; so that this Table exhibits all the Paschal Tables from the first settlement 
' of one in the Ancient Church down to the latest ceatuiy in which the Gregorian reckoning 
I shall continue in use. 

The following Table, above referred to, gives a Stkoptical Vibw or thz thirty 
DiFFERBM pASCHAL Tasles required by the Gregorian reckoning. 
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It is important to bear in roin'd that the moTement downwards of the Golden Num- 
hera is one common to all, each being Bimultaneously advanced, their relative intervals 
as regards each other being uudiaturbed. It is also neceBsary to remember that the 
motion is a circular one ; each Golden Number, after reaching the lowest point, April 18, 
going up to the top again. We may illustrate the movement by that of an endless 
chain of 29 Unks, moving tmiformly from left to right ; one link being dropped from a 
pin at the top at the beginning of each period denoted by the corresponding Index 
Figure, 

We see that the Paschal Table corresponding to Index 23 (6900-6999) is the same as 
the Old perpetual Paschal Table. 

These thirty almanacs occupy foriy-tao columns, because of twelve Index Figm«8 
being each repeated twice, by reason of the Lunar Equation occurring alone, and so 
causing a regression. 



107. It will also be observed that the last two rows, corresponding to April 17 and 18, 
are much more crowded than the rest. The reason of this is that, in the Old Church 
Calendar, the Paschal Lunation consisted of only 29 days. In other words, there were 
hut 29 days contained within the two Paschal Full Moon limits — March 21, and Apri 
18 ; and within those 29 days all the 19 Golden Numbers, indicating the Paschal 
Pull Moons, were necessarily contained. The same rule respecting the Paschal Luna- 
tion was for the most part continued in the Gregorian Calendar. In the latter there 
are but two Paschal Lunations with 30 days. In the Old Paschal Table (column 1, Table, 
Art. 106), beginning with Golden Number XVI,, all the Golden Numbers were con- 
tained exactly within the Table, the last (VIII.) falling on April 18. But in the cor- 
rection of 1582 — when all the Golden Numbers were simultaneously moved dovra seven 
places — III., which, in the old Table, was opposite April 13, was transferred to March 21; 
and VI., which, in the old Table, was at April 10, was transferred to April 17, XIT. 
was still wanting in column 0, and, its place in the old Table being April 12, when 
moved down ecveit places, it would come to April 19 ; but as this was outside the extreme 
Paschal limit, it was necessary to move it up one place — viz., to April 18. Hence, there 
are three consecutive Golden Numbers at the bottom of column 0. Similarly, in 1700, 
when the Solar Equation required a descent of one place, XIV. came up to March 21 , 
and XVII., VI., moved down to April 17, 18. But in 1900, when another descent will 
be necessary, XIV. will move down to March 22; IX. will move from April 15 to 
April 16 ; XVII. cautiot move down, because VI. also must have a place : so that XVII. 
and VI. cannot move in column 2 ; and there are again three consecutive Golden Num- 
bers at the bottom of , this column. The result of all this is that the row correspond- 
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ing to April 18 becomes entirely filled with Golden Numbers ; and the row opposite 
April 17 becomes crowded with numbers, contiguous to each other, that cannot move 
down, because April 18 is full. 

It will further be observed that these duplicate Golden Numbers in the penultimate 
row (April 17) are the following, taken in the order of occurrence : — ^XVII., XII., XV., 
XVin., XIII., XVI., XIX., XIV., that is to say, the last eight of the Golden Num- 
bers (Xn.-XIX.) We shall have occasion to revert to this, when we come to speak of 
the Epacts, and the Extended Table of Epacts. 

108. The thirty Paschal Tables which have just been considered are, in effect, 
nothing more than the development of the third of the Oeiieral Tables in our Prayer 
Book, taken in connexion with the second General Table (or Equation Table). It may be 
called the Expanded Table of Golden Nimibers. This Table III. was drawn up by Dr. 
Bradley, as a substitute for lilio's Extended Table of Epacts {vid. Art. 123). In fact. 
Table III. exhibits in terms of the Golden Numbers what the " Extended Table " does 
in terms of the Epacts. 



THE OALENBAB. 
TABLE m. 



m 



h 

■sa 


P 


Tie Goldm Nnmhen, 


u 


>,. 


.... 


.V. 


V, 


v.. 


v„. 


v.„,|„.|x. 


«. 


XM. 


^„. 


-.V, j XV. 


«v. 


xvu. 


xvm 


x«. 


„ 22 
„ 23 
„ 24 

„ 25 


C 
D 
E 

F 
G 


a 

9 
10 

12 


10 
20 
21 
22 
23 



1 
2 


11 

12 

13 
14 

15 


22 
23 
24 
25 
i6 


3 
4 

5 
C 

7 


14 

15 
16 
17 
18 

19 
20 
21 
22 
23 


25 
26 
27 
28 
29 


S 
7 
8 
9 
10 


17 
18 
in 
20 
21 


28 
29 


2 


9 
10 
11 
12 
13 


20 
21 
22 
23 




12 
13 
14 
15 
16 


23 

24 
25 
26 
27 


4 
6 
6 
7 
8 


16 

16 
17 
18 
19 


28 
27 
28 
29 



Mu-. 20 

.. 27 
„ 28 
„ 29 
„ 30 


A 
B 
C 
D 
E 


13 

14 

Ij; 

17 


24 
25 
i& 
27 
2S 


S 

1 
8 


17 
IS 
19 

20 


27 
28 
20 


1 


8 
10 
12 




2 

3 

4 


12 
14 

15 


22 
23 
U 
25 
26 


3 
4 

5 
6 
1 


14 
16 
IS 
17 
IS 


2S 
28 
27 
28 
20 




17 
16 

13 

21 


28 
29 


2 


9 
10 

12 
13 


20 
21 

22 
23 
24 


I 
2 
3 
4 

5 


Mar. 3i 
.. 3 


P 

A 
B 
C 


18 

19 
20 
21 
22 


29 


1 
2 
3 

4 

S 

7 
S 


10 
11 
12 
13 
U 

id 
16 

17 
13 
IS 


21 
22 
23 
24 
26 


2 
3 

4 
6 
6 


13 
14 
15 
IB 

17 


21 
25 

26 
27 
28 


5 

7 
8 
9 


16 
17 
18 
19 
20 


27 
28 

29 



S 
9 
10 
11 
12 


20 
31 
22 



2 

a 

4 




22 
23 
24 

26 
20 


3 
4 

6 

7 


14 

15 
18 
17 
18 


25 
20 
27 
28 

2fl 


8 
1 
8 

10 


Apr.- 6 


D 

E 
F 

A 


23 
24 
25 
26 
27 


2S 
27 

as 

26 


7 

e 

10 
H 


18 
19 
20 
21 
22 


20 

2 
3 


10 
11 
12 
1:1 
14 


21 
22 
23 
24 
25 


2 
3 
4 
6 
6 


IS 
14 

IS 
Id 
17 


24 
26 

27 
28 


5 

6 

7 
8- 
9 




27 
28 
29 



8 

10 

12 


19 

20 
21 

22 
23 




1 
2 

4 


11 
12 

14 

15 


Apr. 10 
", 12 


B 

C 
D 
E 
F 





9 
10 
11 
12 
13 


20 
21 
22 

23 
24 




12 
14 

IB 
Ifi 


23 
24 
25 
25 
27 


5 

7 

8 


IS 
Ifi 
17 
18 
19 


26 
27 

28 
20 


7 

10 


18 
13 

20 

22 


29 


2 
3 


10 

12 
13 


22 
23 
24 

25 


2 
3 

4 
6 
8 


13 
14 
15 

la 


24 
25 
26 
27 
28 


6 
6 

7 
S 
6 


16 

17 
18 

19 
20 


Apr. 16 
„ 16 
,. 17 
.. 17 
„ IS 


G 
A 
B 
B 
C 


3 

4 
6 

« 


U 
15 
16 

17 


25 
2fl 
27 

28 




17 
18 
19 

20 


28 
29 



9 

10 

12 


20 
21 
22 

23 


2 
3 


12 

13 
14 

IS 


23 

24 
25 

26 


6 

1 


15 

16 

17 
18 


2a 
27 
28 
20 


7 
8 


18 
20 

21 


29 


2 


10 

12 
13 


21 

22 
23 
24 


Apr. 18 


C 


7 


IS 


aa 


10 


21 


i 


13 


24 


S 


16 


27 


S 


10 





" 


23 


a 


14 


28 



109. Tlie ooDstruotion and use of this Table are easilj underBtood. 

The first column contains all the days on which the Paschal FuU Moon can fall, from 
U&rch 31 (the earliest] to April 18 (the latest), both inclusive. IThe second column con- 
tains the Calendar Letters corresponding to these days, respectively. Then follow 19 
other colimms, each column having one of the Golden Numhers at its head, and in regu- 
lar Older, from I. to XIX. Each of these 19 columns contains 30 numbers, from to 29 : 
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80 that there arc altogether thtriij horhontnl rows of these figures. But as there are only 
29 dajB -within the Paschal limits (both included], the twenty-eighth row is interposed 
between the twenty-seventh and twenty-ninth, and bo divided that the Grat 11 numbers 
of it belong to April 18, and the last eight to April 17. By this means, the 29 descenta 
which each Golden Number makes in a /uU Luuar month are proWded for. We shall 
recur to this presently, after we have explained the way in which these 30 rows of figures 
are constructed. 

It is obvious, on inspection, that all these rows are consecutively evolved from the 
first, by the continued addition of a unit. Hence, we have only to ascertain how the 
first row ia constructed. 

In the Paschal Table, after the correction in 1582, and which Table served, as we 
have seen, until 1699, the Golden Number III., denoting the Paschal New Moon, was 
found at March 8; and, denoting the Paschal I\iU Moon, at March 21. Accordingly, as 
there was no change in 1600, was placed under Golden Number III., in the first row, 
in the same hoiizoutal lino as March 21, to show that from the year IGOO to 1699, Index 
(Table II., Prayer Book), any year whose Golden Number was III. would have its 
Paschal Full Moon on March 21. In the next year (IV.) of that Lunar Cycle, the 
Calendar Moon was elcren days past its full on March 21 ; and, therefore, II is written 
immediately after 0, and under TV. In the following year (V.) of that cycle, the Calen- 
dar Moon was 22 days past full on March 21, and, accordingly, 22 is written after II 
and under V, And so on to the end of that cycle of 19 years, 11 being continuously 
added to each preceding number in the row, and 30 being dropped when the sum 
exceeds 30 (Art. 115). The only exception is in the case of passing from Golden Num- 
ber XIX., at the end of one cycle, to I. at the beginning of the next cycle, when 12 must 
be added instead of 11 {fid. Art. 114). Having thus formed the topmost row of horizou- 
tal figures, the second row is formed from it by simply adding a unit to each figure in tha 
former. And, following the same process, all the rows, down to the last, are successively 
evolved. The figures in any row show the number of descents made respectively by the 
Golden Numbers standing at the bead of each column, and what is tho date of the cor- 
responding Paschal Full Moon. For example, in the fifth row, we find 4, under Golden 
Number III., indicating that Golden Number III. has descended 4 places below its 
position in 1600, and that the correspondbig Paschal FuU Moon for any year during which 
Index 2 holds good, and whose Golden Number is III., will faU on March 25. 

The inspection of the Table shows that, in any two adjacent columns, the same figures 
are separated by an interval of 19 places, reckoned downwards in the vertical, except in the 
case of the two columns corresponding to XIX. and I., where the interval is 18, instead 
of 19. In counting these 19 places, we must remember that the bottom of one column is 
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supposed to be continuous "with the top of the next. For example, 0, in column IV., 
is 19 places lower than in column III. : and there is the same interval between any 
two consecutive Golden Numbers in the same Paschal Calendar {vid. Art. 53, 8°). Hence, 
it appears that, for the year 1600, and the entire interval between 1583 and 1699, during 
which the Index is in use, the places of the 19 Golden Numbers in the Paschal Table 
are given by the days of the month, respectively, on the same horizontal lines as the 19 
cyphers 0. For example (see Table, Art. 106), 0, in the column belonging to Golden 
Nimiber III., is on the same horizontal row with March 21 ; and, therefore, III. is to be 
affixed to March 21 in the Paschal Table whose Index is 0. In the column belonging to 
rV., is found in the same horizontal row with April 9 : therefore, IV. is to be affixed 
to April 9, in the Paschal Table whose Index is ; and so on, until all the 19 Golden 
Numbers are assigned to their proper days in the Paschal Table. The Paschal Table 
thus constructed by means of Table III., and the Index Number 0, will be found to be 
identical with that in Art. 106, Index 0. Similarly, in order to construct the Paschal 
Table belonging to Index 1, or after one descent, we have only to look out in Table 
III. for the figure 1, in each of the 19 columns of Golden Numbers, and the correspond- 
ing days of the month will be the places of the Golden Numbers, respectively. Thus, III. 
will belong to March 22, IV. to April 10 ; and so on. 

The Table so constructed is that under Index Figure 1, in Art. 106. Hence, we see 
the reason of the Eule affixed to the General Table II. in the Prayer Book (the Equation 
Table of the Golden Numbers) . 
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Afl the Indei Figure includes 1700 and 1800, we see that the Paschal Table con- 
structed for Index 1 extends from 1700 to 1899. 

It is, of course, easy to oonBtnict in the same way the Paschal Table oorpeaponding 
to Index Figure 2 : and as this figure embraces three centuries, the Paaohal Table will 
extend from 1900 to 3199. 
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If the year a. d. be given, and we desire to know the coiresponding PoBcIial Tatle, 
we have only to observe the Eulo given above from the Prayer Book. 

Ab Tatle III. containa 30 different rows, and therefore 29 descents for each Golden 
Number, not including the position 0, which each Golden Number held, a. d. 1600, it 
follows that this Table, in connexion with Table II., will give 30 different Paschal 
Tables, as we have already found in Art, 106. 

110. Reference has already been made to the twenty-eighth row of figures in Table III., 
■which are broken up into two sets, the first eleven being referred to April 18, and the lost 
eight to April 17. But it may be well to say a few words more in explanation of this 
matter. 

When, in the course of the secular desoenta, any one of the Golden Numbers (which 
properly indicate the New Moons) comes to April 5th, the corresponding Ftill Moon (14th 
day after New) falls on April 19th ; which being beyond the limit (18th), the Golden 
Number must be put back to the 18th. Now, in the distribution of the Golden Numbers 
in the Calendar, the first eight Golden Numlwrs are found immediately after the last 
eight, thus : — 

XII. XIII. siv. XV. XVI. XVII. xvni. xix. 
I. II. III. IV. V. vr. vn. viii. 

Hence, when any of the first eight reaches April 5, the eorreeponding Full Moon falls on 
the 19th, and therefore that Golden Number must be moved back to the 18th. But this 
place is already occupied by the Number mmediately above it. Now, it was a Jixed 
rule in the Old Calendar, which was retained in the New also, that two Golden Num- 
bers should never fall on the same day of the month within the mme cycle. Consequently, 
the upper of the two contiguous Numbers must also be put back one place, viz., to April 
17, in order to make room for its comrade Number. To take, for example, the first 
case which presents itself in the expanded Table (Art. 106), viz., the column whose 
Index Figure is 2. Here, Golden Number VI. {Full Moon) fell on April 19, and had 
to be moved back to April 18. But as XVII- immediately precedes VT., in the Calen- 
dar, its place should be the 18th. Consequently, to avoid a collision with VI., it was 
moved back to the 17th, and similarly of the seven other Golden Numbers from XII. to 
XIX. It is always possible to move back one of these to the 17th of April, without 
intruding on a place already occupied by another Golden Number, because there is always 
& vacant space between any couligmus pair and the Golden Number which precedes 

them : e.g, .^ ' is separated from IX. by a vacant plaoe. 

This completely explains the hroken line in Table III. We shall find that a 
similar explanation holds good in the case of the extended Table of Epacts (Art. 123). 
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111. Tliis Table III., though framed for a perpetual Paschal Table only, may yet be 
extended (like the extended Table of Epacts) to the icho/e year, for any number of cen- 
times, by means of the auxiliary Table 11. ; because, the places of the Fuschal Golden 
Numbers (New or Full Moons) for any century being given, they may be continued 
bachcank to the beginning of the year, aaA/oi-icardi to the end. For example, in the 
Paschal Table for Golden Number III., [1582-1699], derived from Table III., the 
Golden Number affixed to March 21 is III. Therefore, by the law of Hcquence of the 
Golden Numbers, XTV. is to be afased to March 20, VI. to March 18, XVII. to March 17, 
and 80 on bachicariis to the beginning of January. Similarly, in the same Paschal Table, 
XIV. is affixed to April 18 (the other limit of the Paschal Lunation] ; after whloh HI. 
must be affixed to April 19, XL to April 21, and so on to the n/rf of December. 

As in the Old Calendar the Golden Numbers denoted New, not Full, Calendar 
Moons, I have prefixed to this Table the date of the New Moon corresponding to each 
Full Moon ; which will facilitate the extension of the New Paschal Tables to the irhole 
year : especially when we bear in mind that the several Golden Numbers in January 
fall on the same days of the month as in March. For example, if we desire to construct 
, the tehoh Calendar for the year 1700, we see by the Paschal Table that Golden Number 
XTV. denoting Fall Moon falls on March 21, and the corresponding New Moon on 
March 8, and therefore on January 8. Having thus the place of one Golden Number 
in January, we can assign the places of oil the Golden Numbers for the whole year. 

113. I have hitherto dealt with the Gregorian Calendar merely as a oontinuatioa of 
the Old Church Calendar ; the accumulated errors arising from the inaccurate length of 
the Julian year, and of the Lunar Cycle being corrected, and rules laid down for the 
periodical adjustment of them in future. I have adhered to the old terminology, and 
especially to the mode of determining the Calendar New (and Full) Moons by the 
Golden Numbers. When the Gregorian reformation was adopted in England (1752) 
the old aystem and its terms were retained, and were still continued in our Prayer Book- 
But the Gregorian reformation made an important change in respect of the uee of the 
Golden Numbers, which I now proceed to explain. 

We have seen that the accumulated errors of the Julian year required the moving 
down of the Golden Numbers 10 days from the places which they occupied in the Old 
Church Calendar; and that the accumulated error of the Lunar Cycle required that they 
should be placed 3 days higher up ; thus giving, as the result of both, a descent of 7 
places. We have also seen that at each occurrence of the Solar Equation, the Golden 
Numbers must be moved down one place ; while, on the other hand, at each oocurrenoe 
of the Lunar Equation, they must be moved up one place. So that the Golden Numbers 
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would require to be sliifted in the Calendar almoet every century. To avoid this incon- 
Tenience, and the possible mistakes which in different centuries might arise from this 
constant shifting of the Golden Numhere, lilius (who, as we have seen, constructed the 
Gtregorian Calendar) rejected the Golden Numbers altogether, and substituted in their 
place another set of numbers with a fised relation to them, and which therefore answer 
the same purpose of indicating the Calendar New and Full Moons, while they do not 
ehiil their places in the Calendar. These new numbers are the Epacts. Reference has 
been made to them already {Art. 63} ; but for our present purpose it is necessary to 
enter more fully into the subject. 



113. The word Epacts {eiratcroi, cf. vfiipai) is of Greek origin (iiraynv, ac/dere, iiilerca- 
lore), and was used in general to denote the excess of the greater of two given periods of 
time over the lesser. It was, however, specially and most usually applied to designate 
the eleven days excess of the common Solar year of 365 days over the common Lunar 
year of 354 days (Ideler, ii., p. 239, N.} ('). It was, in this way, used to express the 
age of the Calendar Moon on some given day of the Solar year, especially the 1st of 
January or the Slst of December, In the Latin Fasti Conmlares ('), the work of an un- 
known author in the fourth century, extending over a period of 862 years, viz., from i'. c. 
246 to u. c, 1107, or a. d, 354, Epacts are used to denote the Moon's age on January Ut. 
The 84-year cycle is employed, and the first year of the cycle the Epact is I. That is 
to say, a New Moon was supposed to fall on January 1, at the commencement of the 
862 years of this Table {rid. Ideler, ii., 239-40). 

On the other hand, in the Paschal Tables of Cyril, Bishop of Alexandria, who 
flourished in the fifth century, and also in those of Dionysius Exiguus (sixth century), 
and Bede {eighth century), the term ^t/c/s was employed to denote the Moon's age on the 
'22iid of March (Ideler, ii., 293), the earliest day on which Easter can fall ('). These 
authors adopted the Alexandrian calculation, according to which a New Moon fell on 
the 23rd of March, a. r. 323, and which was taken as the Jirst year or Epoch of the 
19-year Lunar Cycle. Accordingly, on March 22, the Moon's age, or Epact, was 30 days, 
or ('). The following year (the second of the cycle) the March New Moon fell 11 days 
earlier, viz., on the 12th ; so, the Epact was 11. The year after (third of the cycle) (he 
New Moon fell again 11 days earlier, viz., on March 1 ; and the Epact woe 22 ; and so 
on throughout the cycle. Consequently, the relation between (he Golden Numbers and the 
Dionyiian Epacts (aa before defined) is as follows, 

£pact. II 2-J 3 H 26 6 17 28 9 20 1 12 23 4 to 26 7 18, 0. ^''' 
z2 
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The etructure of this CaJendnr is very simple, and, indeed, obvious on mere inspeo- 
tioQ. The first ooliunn contains Ihe days of the month ; the following columns the 
twelve months of the Common year of 3G5 days. The oolumn of figures in each month 
are the Epacts (e), and the corresponding Letters are the Calendar Letters (\). There 
are thirty (') Epacts, numbered from 1 to 30, or 0, which Clavius writes * (') ; and, with 
the exceptions to be presently mentioned, one of the Epacts is written opposite each of 
the 365 days of the year, beginning with January 1. They are written in groups o£ 
thirty, each group beginning with 30 or ", and ending with 1 ; a new group commencing 
where the preceding one ended. Thus, the first group ends with January 30, and the 
next begins with January 31 ; and so on down to December 31, to which the Epact 20 
is affixed. It was desired to make each gronji of thirty include a Lunar month; therefore, 
as the Limar Calendar months are alternately 30 and 29 days in length, it was 
necessary in the hollow months to reduce the thirty Epacts to twenty-nine, which was done 
by assigning two consecutive Epacts to the same day of the month. The Epacts which 
Clavius preferred to double, for this purpose, were 34 and 26. Accordingly, as the 
above Calendar shows, the Epacts 24 and 25 are both written opposite February 5, 
April 5, June 3, August 1, September 29, November 27 ; these being the six hollow 
months. Lilius, the author of the new Calendar, had proposed (vid. Clavius, p. 5) a. 
different mode of this " Equation of the Lunar months ; " viz., writing the furo Epacte la 
(the same as Clavius' *) and 29 opposite the Slst of January, 31st of March, 29th May, 
27th June. 24th September, 22nd November {'). The reason why Clavius substituted 
for this pair of double Epacts the i^tLir 25, 24, was, that by this means the Lunations 
according to the cycle of 30 Epacte, and especially the Panchal Lunations, were ren- 
dered more conformable to the Lunations of the Golden Numbers. For, as appears from 
the inspection of the Old and New Calendars, the Equation of the Lunar Month ia 
made by the Golden Numbers in the former in almost exactly the same places as by the 
Epacts 25 and 24 in the latter ('). 

If the Equation of the Lunar month were made (as Lilius proposed) at the end of 
March, there would be 7 Paschal Lunations of 30 days each, contrary to the usage of the 
Ancient Church ; whereas, by making it (as Clavius does) on April 5, only two such 
Lunations can occur, viz., when both the Epacts 25 and 24 are in use. There will 
then be thirty, because in the case of 25, the New Moon is made to commence a 
day sooner (viz., 4th April, Epact 26) ; and in case of 24, because 24 is placed oppodte 
April S, instead of 6 {vid. Clavius, cap. x., § 10). 



(1). Aj the Uoon's age on any Ist of January eiceeda by U days its age on the preceding Juiaary 1, 
the limit of the Uooa'i age being 30 dap, it foUowa that the Epacta are formed from Epact 0, by the mo- 
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e addition of 11, dropping 30 as fast aa it ariaeB, Now, 
i common differoace II (30 being dropped aa often aa it 
. . /-■■"■ 



arithmetical Eeries whose first term is 
tes)— in other words, whose law of for- 

■ - J {where » is any number from to 29)— will give 30 distinct t«rma, and no more. 

written oiit at lenglb, is aa follows ; — 



II 22 3 14 25 6 17 28 9 20 

1 12 23 4 15 26 7 18 S9 10 21 

2 13 21 6 IQ 27 8 19 

(2). The reason why Clavius writ«a * i& place of 30 and is the following. The Epaot being 
defined to be the number of days which remain over and above after tlie Lunation ending in Decem- 
ber, it may happen that two such Lunations may occur— one ending on December!, and the next on 
Decemher 31 . In the former case, 30 days will remain over, and the Epact will, accordingly, be 30 ; in 
the latter, no day icmains, and the Epact will be 0. In order, then, that there may bo some one Epaot 
to erprcss both these cases, a conventional sign (*) was emidoyed ; that is to tiay, * stands equally for 
30 and 0. Delambre deniea the necessity of any distinction between 30 end 0, and always writes 
where Ckvius employs * (i-iV/. Clavius, cap, ix. J 14). 

(a). It is obvious that, so far aa the more reduotion of the 30 Epacts to 29, in the hollow months, is 
canaemed, any pair of adjacent Epacts might be taken. Clavins ohose 24 and 2ii, because he wished to 
adhere as oloaely as poeaible to the places of the Oolden Numbers in the Old Calendar. Lilius had fixed 
on 29 and 30, thus making the reduotion at the beijiiining of each hollow Lunar month ; in other words, 
on January 31, March 31, May 29 : an arrangement which would cause the Lunations in the New Calen- 
dar to deviate from those of tbe Old {v'td. Clavius, cap. s. §5 8, 9, 10). 

(4). There is a remarkable diversity in the case of October. In the Old CaJendor, the crowding of the 
Oolden Numbers takes place at the begiouing of the mantb, wbllc in the Ne<nr the Equation takes place at 



115. It is easy to see, by inspection of the Table, how the Epaota thus arranged 
indicate the Calendar New Moona throughout the successive years of any Lunar Cycle. 
Let us take, for example, a cycle in the third year of which a Calendar New Moon falla 
on January 1, as was the case in the Old or perpetual Julian Calendar (Art. 53) {'). We 
see that the asterisk (•} is affixed to January 1, January 31, March 1 and 31, April 29, 
and 60 on, down to December 31 ; and these are the very same days to which, in the Old 
Calendar, the Golden Number III,, denoting the New Moons that year, is affixed. 
Hence we see that the Epact * indicates all the New Moons in the Gregorian Calendar, 
just as Golden Number III. did in the Old. The following year, the fourth of the 
Lunar Cycle, the Calendar Moon will be 11 days old on January 1 ; this Lunation, 
being a fuH one (because the last Lunation of the preceding year, November 22 to De- 
cember 20, was hollow), will end on January 19 (11 + 19 = 30). Accordingly, the first 
New Moon of this fourth year falls on Januory 20, opposite which we find Epact 11 ; 
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and on the same day (January 20) we find Groliien Number IV, aflixed in the Old Calen- 
dar, And, in the same way, we find Epact 11 affixed to same days throughout that 
year as Golden Number IV. is in the Old Calendar — viz., February IS, March 20, 
April 18, May 18, &o. So that Epaet 11, in the Gregorian Calendar, indicates the New 
Moons exactly aa Golden Number IV. did in the Old. The fifth year of the cycle, the 
Moon is 22 days old on January 1, and the Lunation (being again a full one) ends 
January 8. The New Moon falls on January 9, opposite whieh we find Epaet 22, and 
in the Old Calendar Golden Number V. Similarly, the other days to which Epact 22 is 
attached — viz., February 7, March 9, April 7, &o. — are those to which Golden Number 
V- is affixed in the Old Calendar ; and, therefore, the New Moons are indicated by the 
Epact 22, just as by Golden Number V. Proceeding in the same way through the suo- 
ceasivo years of that cycle, we find that the Epact of each year denotes the Calendar 
New Moons of that year, just as the Golden Number. And the whole series of Epacts 
corresponding to the 19 Golden Numbers of that cycle, beginning with III., is as 
follows : — 



This series we have already found (Art. 63), The general formula of it is 



fn{N-^\ 



fll X A^-3\ 



It will be observed that each Epact is formed from the next preceding by adding 11, 
30 being dropped as fast as it arises, with a single exception — viz., in passing from 
Golden Number XIX. to Golden Number I. (or from one cycle to the next], 12 (not 11) 
is added to the Epact of XIX. The reason of this exception is that the Embolismic 
month added at the end of the cycle (Art. 50) contains only 29 days, instead of the usual 
30. Therefore, after the addition of 11 to the Epact of Golden Number XIX., only 29 
days (not 30) should be subtracted. But as the Computists preferred to keep up the 
uniformity of 30 days for all the 7 Embolismic months, they treated the 29 days as 30, 
and effected the compensation by adding 12 instead of 11 (29 + 12 = 30 + 11}('). 



(I). A New Moon (ae has been just explained) fell on March 1, in the third yeax of the Lunar Cyde; 
and all the Calendar Moons in January full on the same days as in March. 

(2). Wc have already noticed (Art. SO) that when, as in the cheb under consideration, Golden Number 
in. coincidea with January 1, the Embolismic month of 29 days belongs properly to the nineteenth and 
last year of the cycle beginning with Golden Kumber III., January 1 ; in other worda, that it belongs to 
Golden Number II,, not to Ooldeu Number XIX. But the ancient Computists preferred that the numbra 
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I 12 ahonld be added when the Golden Numher was XIX., as being tlio greatest of the series ; and thej, 
Booordingl]', did not make tlm change (from 11 to 12) when thoQoldcn Number was II. Xo notable error 
can arise in the Lunations from that tranHpoaition. Accordingly, Clsviua, ont of respect to antiquity, 
idoptcd the same coarse in all eases where the Ooldcn Number ia XLX., whatever Epact may correspond 
to it : even tbougb that year is not olwajs the last Embolisraic ^eor, nor even on Emholiamic year at bU 
(CftintM, eap. xii. % 13). 

116. The series of Epaeta just givon in Art. 115 held good for all the years in which 
the OM Calendar was in use. Bat these Epacts were not employed for finding the Calen- 
dar New Moons, because the Golden Numbers from which the Epacts were derived were 
equally available for the purpose. But when the Gregorian correction was made in 
1682, causing a displacement of the Calendar New Moons 7 days lower down, a new 
relation was established between the Golden Numbers and the Epaeta. The Golden 
Number of that year was VI. — 

/1582 + 1\ „ 



V 19 A""' 
In the unroformed Calendar, VI. is found at October 20, but after the correction the 
corresponding New Moon was transferred to October 27. Now, in the Epact Calendar 
{Art. 114), we find that the Epact opposite to October 27 is 26, while that corresponding 
to October 20 {Golden Number VI.) ia 3. That ia to say, whereas the Epact corre- 
sponding to VI. before the correction waa 3, the Epact representing the New Moon 
after the correction was 26. Similarly, the relations between the rest of the Golden 
Numbers and their corresponding Epacts before the correction, a& shown in the series, 
Art. 115, were all changed; and the new aeriea of Epacts, after the correction in 1582, 
became 

Enm-M. 3a. *. I.i. 31! 7. 18. 29. 10. 51. 3. la. 1i. h. TB. 27. S. 10. 1 H ' ' 



Comparing this with the series of Art. 115, we see that the change in the Epacts con- 
sisted in the mtbirudion of the mme number, 7, from all the pre-reformation Epacts. In 
fact, as the New Moons represented by the Old Style Golden Nimibers all fell 7 days later 
after the correction, the Epacts corresponding to those corrected New Moons will be 7 
places lower down, and therefore (as the Epacts are in retrograde order) 7 units less than 
before ('). 

Thus, tciihout shifting the Golden Numbers from their old places, the New Moom of the 
years corresponding to them, respectively, were, after ike correction, denoted ly a new iteri$* 
of Numbers having a given relation to the former. 
2 a 
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(1). Thie relation between the Golden Numbers &nd the Epauts after the correctiun in l&SS may aku 
be easily shown aa followa. The December Calendar New Moon, indicated by the Golden Number VI. of 
that year, fell on December 18, But, by the lowering of the Golden Numbers 7 days, the New Moon fell 
on December 25. Consequently, the Moon was 7 days old on the 1st of January, 1583, the terenth year 
of the oyclo. In other words, 7 was the Gregorian Epact of 1683. Starting, then, from this Epact, and 
Golden Number VII., 7, and forming the serieB of Epact« by the Dsnal law of continued addition of II, 
dropping 30 as it arises, we get, for 15S3, 

O. N. VII., TiTi., IK., X XIX., :., II., iir., iv., v., vi. 

Epai:[, 7, IS, 2B, 10, 19, 1, 12, 23, i, 15, 2G. 

But no further change took place in 1583, so that this holds also for 1582, after the correction. 

117. The above series (arrived at in Art. 116), which I shall call [D], for a reason to 
be presently noticed, ej^premng the relation liciween the Goldtii Jftimben and the Epacts 
after the correction in 1582, is a very important one, inasmuch as it is, in fact, the 
fundamental seriei of the Gregorian Calem/m; on which the relation between the GoMen 
Numbers and Epaots for any year whatever, subsequent to the oonrectioii, depends. It 
is, therefore, desirable to obtain a general formula by whioh the above relation may be 
compendiously espreased. 

This formula may be easily investigated aa follows : — 

Before the change, it was given by — 

( UN-3 \ 
' = 1 30 I' 
where t is Epaet, JV Golden Number. 

The effect of the change was to lessen every Epaot by 7 ; so from 1582 till 1699 the 
Epact is given by 

fnN'10\ __ f N+ 10 (If -1) \ 



30 



(«j 



118. If there were no secular adjustments to be made after the correction in 1582, 
then series (D), with its formula (a), would hold good for ever. But, as we have seen, the 
effect of the Solar and Lunar Equations is to require a centuriol change to be made in 
the places of the Golden Numbers ; or, as in the Gregorian Calendar, these retain their 
places unchanged, in the Epacts ; each descent of the Golden Number in the old reokon- 
ing requiring a diminution (on account of the retrograde arrangement) of a unit in the 
Epact. Since, as we have seen, there is no secular Equation in 1600, and, therefore, the 
places of the Calendar New Moons remain unchanged ttU 1699, there will be no change 
in the line of Epacts in (i>), which will serve till 1699, inolufiive. But in 1700 there was 
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connected with the Perpetual Epact Calendar (Art. 114), and which have not yet beea 
noticed. 

1°. It appears £roiii inspection that all the 30 Epacts are written twelve times in the 
Calendar, with the exception of the eleven ' . . . . 20, which are repeated a thirteenth 
time, viz., on the 11 last days of Deoemher, having occurred for the first time on the 
1 1 opening days of January. 

2°. It will be observed that in those six places in the Gregorian Calendar where the 
Epacta 25 and 24 are written together, the Epaet 25' (with a dash above it for distinc- 
tion) is written on the same line with Epaot 26, The reason of this is that the Epacts 
25 and 24 both occur in the same cycle of 19 Epacts, when the Golden Number 
is any of the eight last, from XTT.-XIX. (') Consequently, in these eases, two Luna- 
tions, denoted respectively by these two Epacta, would fall on one and the same day, 
and the two corresponding Golden Numbers would similarly belong to the same day, 
contrary to the fundamental principle of the 19-year cycle, according to which the 
New Moons cannot return to the same days of the month until after the lapse of 19 
years. This contradiction is escaped, by tatdng the Epaot 26 instead of 25, in the cases 
just enumerated : in other words, whenever the Epact 25 belongs to a Golden Number 
greater than XI., the Epact 24 will also be in use in that cycle ; therefore we must use 
26, or the day opposite 26, as the day of the Calendar Now Moon, iiisieadof2b. By 
this means there will be no repetition during the cycle, of a New Moon on the same day, 
because 26 and 24 never occur together, when 25 and 24 do. To indicate this substitu- 
tion of 26 for 25, the latter has a dash over it, and is written in the same line as 26. 
But whenever in any cycle the Epact 25 runs with any Golden Number less than XII. 
[i.e. from I. to XI.), it will never happen in that cycle that 24 is in use along with 25 ; 
accordingly, 25 is to be used, not 26. 

(1) ThJB appenra dearly on the face uf the Eiteadcd Tabic of Epacts (Art. 123). 

120. It is easy to prove (what has been above stated) that. 
First, in the first 11 years of any cycle, the Epacts 24 and 25 are not both in use 
together ; 

Secondly, in the last 8 years they are ; 
Thirdly, in this case 24 and 26 are not both in use. 

Write the line of Epacts corresponding to the New Moon on January 1 in two groups 
as follows ; — 

', 11, 22, 3, 14, 25, 6, 17, 28, 9, 20. 

1, 12, 23, 4, 15, 26, 7, 18, 
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f where the first group aorresponds to the first eleven yeara of the oyole, aad the second 
group to the lost eight. 

It appears, then, that in the first Une there are no conaeoutive numhere, nor in the 

i second j while all the numbers of the second line are, as f ar a« they go, consecutive with 

l-lhoBe of the first. And the same thing will of course happen when both lines are 

increased by the addition of the same number. But by adding the oombere I, 2, ... ■ 

19, successively, to both lines, and rejecting 30 whenever it can be done, we get all the 

possible cycles of Epacts, viz., 30 in number. Therefore, whatever be the cycle of 

I Epacts in use in any century, it follows from what has been said above, that when 24 

kind 25 come together in the same cycle, 24 must be on the first line, viz., that embrac- 

■ing fiiejirit eleren years of the cycle, and 25 in the second line ; that is to say, that both 

these Epacts cannot be in use together, except when 25 belongs to a Golden Number 

greater than XI. : and that when this condition is fulfilled, both are in use in the same 

cycle. It follows further, from what has been said above as to the two consecutive 

numbera occurring in the same line, that when 24 is in the first line and 25 in the 

Beoond, 26 is not in the second ; and therefore, when the Epact of a year is 25, by taking 

26 instead of 25, the conourrenoe of two New Moons on the same day is avoided ('). 

The use of 25 for 25 will not commence until a.d. 1900 (L'art de Verif. les Dates, i., p. 2). 

The only harm that could have restjted from omitting this correction of 26 for 25 would 

be that Easter Sunday would sometimes have fallen on the same day of the month, twice 

in 19 years. But as this was against the rule of the Old Calendar, Clavius preferred 

to make the Calendar Moon wrong by a day, making it fall on the 4tb of April, instead 

oftheSthC). 

r [1]< Vid. Clavius, pp. 120-1, and Dc MorgiiD, I. c., p. 24. De Morgan remarks that this use of the 
double Epaot 24, 26, boa been often miauuderHtood as an aHronomieal carroction, in order to make tbe 
Solar year agree better with the Lunar. This mistake is made in the great French work. L'Art do Veri- 
fier lea Datea, vol. i., p. 2. " L'Epacte 25, en chifires ftraboa, a eCe inventee poor designer en certoinc* 
ann^a lea nouvelles Lunes .... afin de mieiLX aooorder I'annee Lunoire avec oello du Soleit." 

(2). Clavius, however, maintains (ch. z., % 9) that thia asticipatioB oi a day, so far from, diaturbing 
the Lunations, agrees better with the Mood's mean motion. 



121. I now resume the observations on the Epaot Calendar, which were begun in 

. 119. 

3°. It will also be observed that in 7 places, viz., January 6, March (i, May 4, 
July 2, August 30, October 28, December 26, 25' is written on the same line as 25. 
This is done in order to show that in those months 26 is not to be used for 25 (except 
on July 31). 
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4'. We also observe at the end of December the number 19 {marked with a daeh, 19') 
on the same line aa Epact 20 (December 31). This 19 i8 to be used only when the 
Epaot 19 concurs with Golden Niunber XIS. ; a coincddenee which can happen yery 
rarelj in the courae of several thousand years. Thus, when we look at the Expanded 
Table of Epacts (Art. 123), wo see that it is found only once in the whole cycle of 30 
Epacts, viz.. in line D. The reason why 19 is thus written opposite December 31 is the 
following. AVhen Golden Number ia XIX., the EmboUsmic month is of only 29 days. 
Hence, if the Epact in that year be 19, a New Moon would fall on December 2, and the 
Lunation would (erminate on the 30th, and the next New Moon would fall on the 31st. 
The Epaot of the year, therefore, 19, must be afOxed to that day, whereas, according to 
the regular order, the Epact corresponding to December 31 is 20 ('). 

This writing of Epact 19 on the Bame line with Epaot 20 [the regular Epaot afSxed 
to December 31) will not occasion two New Moons to fall on the same day within the 
same cycle, because when Epact 19 runs with Golden Number XXX. the Epact 20 is 
not in use, as appears by inspection of line D in the Expanded Table of Epacts 
(Art. 123). 

It must he observed also that by thus placing Epaot 19 at December 31, the preced- 
ing Lunation ends on the 30th, and the Calendar Moon is accordingly one day old at the 
beginning of the next year ; so that the Epact 1 of that year is formed without the usual 
addition of 1 to the overplus days at the end of the year. The same thing is true 
when Epact 18 (December 3) concurs with Golden Number XIX. : for then (as the 
Lunation must be one of 29 days) the Lunation will terminate on December 31, and the 
following Epact will be or • without the addition of 1 (^). 

5°. When we compare the Calendar New Moons as found by the Grregorian Epaot 
Calendar with those found by the Old Church Calendar, we find that throughout the 
whole year both Calendars perfectly agree, except in 12 places in which the Epaota 
are more correct than the Golden Numbers, inasmuch as they give the Calendar New 
Moons more in accordance with the mean Moon of the heavens. But there is no differ- 
ence whatsoever in the two Calendars as to the Paschal New Moons, and these, as 
determining Easter, are the most important. Vid. Olavius, pp. 123 and 377, 



(I). THo only other ways of meeting (his diffiniilty would be cither to write Epact I along with ' 
opposite Jannajy 1, or along with 20 opposite December 31. But as Clavius shows (cap. x. § 11], both 
these ways ore objeotionable ; whereas, bis mode of repeating Epact 19 at December 31 has the advantage 
of notonly being free from similar objections, but also of agreeing belter with the Moon's mean place than 
if the Calendar New Moon were made tc fall on Janaary 1, 

(2). Vul. Claviua, oap. x. 5 14, and cap. lii. 5 14. The reason why in ordinary cases of Golden Num- 
ber XIX. unity irnwt be added to the superfluous days to form the first Epact of the neit cycle is. 
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that 12 not 11 must be added to the Epact which runs with Qolden Number XIX. in order to form 
tho next Gpoct, which requires a correBponding addition of unity to the overplus dajB at the end of the 
year. 

122. The Epaota in the Gregorian Calenditr are written in a retrogi-ade order. But the 
New MooEB would have been equally correctly indicated had the Epacts been written in tho 
natural, or direct order, i.e., downwards from 1 t-o 30. To show this, let ua take the cycle 
of Epacts (i)}, (Art. 116), which held from 1582 to 1699. Epact la, e.g., indicated that 
duiing that interval a New Moon fell on the 18th of March, and Epact 24 showed that on 
the next year of the cycle a New Moon fell on March 7. Now, if the Epacts were 
written in the Calendar in the dired order, the number of the Epact being the same as 
the day of the month (viz., Epact 1 correBponding to March 1 ; Epact 2 to March 2, and 
so on), we should have Epact 18 instead of 13 written opposite March 18 ; and the 
following year we should have Epact 7 (11 units less than 18) writt«n opposite March 7 ; 
just as in the retrograde order 24 is greater by 11 than 13 of the preceding year. This 
mode of writing the Epacts was actually proposed by one of Gregory's mathematicians 
to the Calendar congregation ; but the retrograde order was preferred, because the 
series of Epacts in the retrograde order is formed by the suooessive addition of the 
Dumber 11 (as the etymology of Epacts seems to require), whereas in the direct order it 
is formed by the successive subtraction of 11 (Clavius, cap. x. § 15). 

123. After those explanations we may now como to describe and point out tlie 
use of 
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This Table v,-rb originally drawn up by Lilius, and is given in its original form by 
Claviua, p. 9. Clavine, himself, repeats it in nearly the samo form, p. 132. I have 
followed the an-Bngement given by Delarabre (Astron. Mod., ii., 142), and adopted in 
the Encyolop. Brit., Art. " Calendar." Delamhre'a arrangement differs from Claviua' in 
two points ; — 1". That Clavius commences the series of Golden Numbers with III., while 
Delambre begins it with I. Clavius began with III., because (as we have seen) that 
number was affixed to January 1 in the time of the Council of Nicssa. 2°. Lilius and 
Clavius commence with line P, because it is the line which agreed with the Oldpeipetiial 
Calendar, and therefore with the date of the Council of Nice : Delambre began with C, 
because it was the line in use during the years from 1700 to 1899. 

N.B. — The Epacts in the above Table are written in Arabic numerals to distinguish 
them from the Golden Numbers, which are, as usual, in Eoman numerals. 

124. Explanation of (he Extcmled Table of Epach. 

1". The object of this Table is to exhibit all the 30 cycles of Epacts corresponding to 
the 30 cycles of Golden Numbers, which arise according as the Calendar New Moons 
shift their places, in consequence of the Solar and Lunar Equations, through all the 
days, successively, of a full Lunar month, aa explained already, when we were engaged 
with the Prayer Book Table III. (Ari. lOH). 

2°. At the top of tlje Table all the Golden Nunifcers are written in order, beginning 
with Golden Number I.; and the corresponding vertical columns are crossed by 30 
horizontal lines of Epacts, each line containing the 19 Epacts corresponding to the 19 
Golden Numbers in use in any given century. The line of Epacts in use in any century 
is determined by means of the Aunliari/ Tabic of the Equations of Epacts (i^-. Arte. 
167, 168). 

3". In each vertical column the 30 Epacts are written in retrograde or descending 
order, beginning from the top, thus producing a perpetual circulation of 30 Epacts. As 
Epact 1 corresponds to Golden Number I, after the correction of the Calendar in 1582 
(Art. 116), the first column begins at the bottom with 1 : and the rest of that line of 
Epacts (D) is to be written on the same horizontal row, marked D in the Table, each 
Epact corresponding to the Golden Number at the head of its column. In the same 
way the second Epact of D gives the second column, consisting of Epacts in ascending 
order from 12. Similarly, the tbird Epact (23) of D will give the whole of the third 
column, and so on to the end. The top row is marked C, and corresponds with (0), 
Art. 1 18, The Expanded Table must be regarded as a circle returning into itself, so that 
D and C are contiguous. 

4°. The line C differs by 1 from the line D (as we have before seen, Ai-t. 118), and 
the next, B, is again less than C ; and so on. 
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5''. The figures in each horizontal row go on increasing by 11, as in the line D, and 
therefore each hnrizoittal row is a line o/Efacts. The figures of each row, in the ascend- 
ing order, exceed by unity the figure of the row immediately under it. 

6". There ia one exception to the formation of the line of Epacts in passing from one 
column to the uext by the continued addition of 11 : this exception occurs in passing 
from column 19, Golden Number XIX., to column 1, Golden Number I., when 12 must 
be added instead of 11, The reason of this has been already given (Art, 118), 

7", The column of letters at the left of the Epact series consists of 30 different letters, 
19 small (a, b, c, . . . . u), and 11 large (A, B, C, D, E, F, G, H, M, N, P). Each 
of these letters is called the Lulcj: Letter of the line of Epaets in the same horizontal 
row with it ('). 

8". The Epaets 24 and 20 occur together eight times in the course of the 30 lines of 
Epacta, viz., in the lines whose indiees are E, N, b, e, k, n, r, B : and 24 always is found 
somewhere in the first elecen columns (Golden Numbers I,-XI.) ; while 25' is found in 
the last eight (Golden Numbers XII.-XIX.) We have already seen {Arts. 119, 120) 
that when 24 and 25 ore both in use in the some line of Epaets, 26 must be used for 2o. 
In the Expanded Table, this is denoted, as in the Epact Calendar, by putting a trait 
over 25, thus (20'] ; and the margin (after Golden Number XTX] points out the 8 lines 
in which 25 is thus written, 

9". The effect of the Solar Equation (as we know already) is to make all the New 
Moons in each year of the centuries (after 1600] whose centurial years are not divisible 
by 4 to fall one day lower or later in the several months than before ; in other words, 
the Moon's age at the end of the year is one day less than it would have been if the 
intercalation had been made. Accordingly, whenever the Solar Equation takes place, 
the preWoua line of Epaets must be cHiiiinlished by unity ; and so the Epaets in the Ex- 
panded Table diminish by unity in descending. This diminishing of all the Epaets by 1 
is equivalent to taking the next line lower down. Again, since the effect of the Lunar 
Equation Is to make the Calendar New Moons occur one day earlier than before, the pre- 
ceding line of Epaets must be increased by unity, Heace, in the centurial years 1800, 
2100, 2400, &c., when the Lunar Equation alone takes place, it is necessary to jias»/roin 
one line o/Epads to the iicjrt higher in the Expanded Table. In the centurial years in which 
both Solar and Lunar Equations are made, they neutralize each other, and t!ie line o/EpacU 
is not changed. The same is of course true, when neither Equation occurs. 



{!). The reason whj- o, 1, K, L, 0, were omitted was to avoid 
0, Muall onii large, might be mistaktu fur 0, the cvpht 
for 60.— CTiiiH», cup. si. S 2. 



possible misconeeption or confusion, 
the Dumcriil I. ; K for small k ; and L 




. After the reformation of the Calendar, in 1582, the line of Epacts was given by 
D, as we have already seen f Art. 116). 1600 waa continued to be a Loap-yeax, and there- 
fore no Solar Equation took place. Lino D, accordingly, lasted from 1582 to 1699. In 
1700 the Solar Equation took place ; all the Epacts were di'miiik/ied by unity ; and line 
C became the line of Epacta during that century (Art. 118). In 1800, loth Solar and 
Lunar Equations took place ; the effect of the former being to dimmish the Epacta by 
unity, and of the latter, to increase them by unity, they accordingly neutralized each other, 
and the line C continued in use, and will continue until the end of 1899. In other words, 
C is the line of Epacts belonging to this present century. In 1900, the Solar Equation 
will again take place ; there will be no Lunar Equation : consequently, the line of Epacts 
will be B, In "2000, there will be neither Solar nor Lunar Equation ; so that B will 
still remain unchanged. In 2100, there will be bof/i Solar and Lunar Equations ; so that 
B will continue to hold good until 2199. It is easy to continue this process, which we 
have] in fact, already gone through (Arts, 106, 107, 118). 



126. In the column under " Centuiies," and on the same horizontal lines with the 
Indices, are written, for convenience of reference, the oentuiies during which the lines of 
Epacts denoted by the several Indices are in use. 

Compare with this the Expanded Table of Golden Numbers (Art. 106). It must be 
observed that only the centui-ial figures of each century are written : e.g., 16 [for 1600) ; 
and that in each case the century ends with the ninety-ninth year : e. g., 16 denotes the 
100 years from 1600 to 1699, holh inchmie. 

I have given the centuries as far as a. n. 10,000. That is to say, 

The above column of centuries fumishes, in fact, a siuamary of what Clavina (p. 134) 
terras The Tahi.e of the Equation of the Epacts, and serves to point out what line 
of Epacts should he used in any century from a, d. 1600 to a. d. 10,000 (Clavius, I. c. p. 
168), It corresponds, as may be easily seen from what has been said above, to the 
Equation Table II. in the Prayer Book, and to the more extended Table given in Art. 
83 {rid. also Art. 106). Thus, e. g., if we desire to know what line of Epacts should be 
employed during the eighteenth century, commonly so called — viz., from 1700 to 1799 — 
we look for 17, and find that C is the line. Again, if we seek the line for the nineteenth 
century, we see that it also is 0. If for the seventeenth century, look for 16 and find 
D, wliicb also holds from 1582. 



137. Hitherto we have considered this Expanded Table of Epacts only in relation to 
the centuries after the reformation of the Calendar. Clavius applies it to the Old Calen- 
dar also in the following manner. 

2b2 
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At the time of the Council of Nice, in the third year of the Lunar Cycle, a New 
Moon fell on the Ist of January, and the Golden Number III. was accordingly affixed 
to January 1 in the Old Calendar (Art. 53). Hence, if the Epai-ls hml been f/ieit in use, the 
asterisk (*) would have been affixed to that day (Art. 113) ; and the line of Epacts P (which 
corresponds to * and Golden Number III,) in the Expanded Table represents the line of 
Epacts, with their corresponding Golden Numbers at the time of the Niceue Council : 



(P) 



O.S. m., IT., T., VI., VII., vni., m.. i., «., xn., iiu., iit„ iv., kti., irn., svin., srx. 
Ep&cU. ■ II 22 3 M 2o 6 17 28 9 20 1 12 23 i lo 26 

The year of the Nicene Council was 335 a. d. ; but Clai-ius prefers to prefix P to a. d. 
320, because it is a Leap-year, and therefore better adapted to the Equation Table, which 
proceeds by oenturial years which are Bissextile. Eeekoning back to the time of Christ, 
the Calendar New Moon (a, d. 1) fell a day later than it did in a. d. 320 ; because the 
Calendar Now Moon in 320 coincided nearly with the real New Moon, which real New 
Moon gained a day on the Calendar Moon of 300 years before {fid. Clavius, cap. sd, g 4) ; 
and, consequently, the line of Epacts corresponding to a. d. 1 would be the next below P: 
!-.e., N(aa\'ius, xi.4). 

Now, [iroceeding onward from a. n. 320, the next Equation of the Moon should, in 
accordance with the general rule, be made in a. d. 600, and the line next above P (viz., a) 
should bo the next line of Epacts. But inasmuch as the Calendar New Moons, and 
therefore the Golden Numbers, at the time of the Council of Nice, agreed more ctoiely 
with the mean New Moons than the Paschal rules admitted of ('), Claviua deemed it 
better to allow an interval of time to elapse after the Nicene Council long enough to sepa- 
rate BuiRciently the Calendar Moon from the mean Moon, and to foinmeiiee from that dale 
the Equation of the Moon every 312^ years. Now, in the year a. i>. 550 (i. c, about 200 
years after the Nicene Council), such sufficient interval had occurred. The Golden Num- 
bers indicated the New Moons 16 hours later than at the time of the Council of Nice. 
Here he places what he calls the radix or origin of the Lunar Equation. But as the 
secular Equations — Lunar as well as Solar — are made at the beginning of a century, P 
is affixed to a. d. 500, to denote that the same line of Epacts which less correctly denoted 
the Calendar New Moons at the time of the Nicene Council more correctly denoted those 
in the year .k. d. 500. The next Lunar Equation takes place a. d. 800 ; and the line of 
Epacts whose index is a must be substituted for P. Similarly, h belongs to a. d. lIOO, 
and o to A, D. 1400. This brings the Equation of the Moon down to the date preceding 
the reformation of the Calendar. 

(1). We have already seen (Art. 55) why the rules of the Churoh in reference to Easter required th&t 
the Calendar New Moons should not coincide with, but follow at a short interval, the mean New Mood. 
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128, In 1582, as we have seen, 10 nominal days were dropped, in order to clear off the 
accumulated error arising from the exoeaa of the Julian year over the true Tropical year. 
The effect of this omission was to make the Calendar New Moons fall 10 days lat«r during 
the remainder of the year; so that the Epaot of that year (whose Golden Number was 
YI.) was lowered 10 places after the omission, hecoming thereby 26 instead of 6 (6 + 30 
- 10 = 26). Ten lines of Epacts were passed over (descending) ; and thus, while c indi- 
cated the line of Epacts up to the 3th of October, 1582, the liue became D during the 
rest of that year, as we have already seen. Thus matters stood, as regards the Epacts, 
after the reformation of the Calendar; and no other change took place until the year 
1700, when the Solar Eqnation required the Epacts to be all lowered by unity, and the 
line to be changed from D to C. [It will be remembered, as before stated, that the 
Expanded Table is to be regarded as a circle, returning into itself, so that C is contiguous 
to D]. Although 300 years had elapsed since the Lunar Equation in 1400, yet no 
Lunar Equation took place in 1700. The reason was this. The actual niilicipaiion of the 
Moon amounts (as the Gregorian oorroctora calculated) to one day in 3121 years. But 
the odd 12J years, omitted four times, reckoning from a. d. 500 to 1700 — viz., in 800, 
1100, 1400, 1700 — would amount to 50 years ; which, added to the 50 years anticipated 
by making the Equation in 800 instead of 850 (550 + 300 = 850), make up 100 years. 
So that, had the Lunar Equation been made in 1700, the Equation would have been 
made 100 years sooner than it ought. Consequently, Claviua deferred the Lunar Equa- 
tion to A. D. 1800 ; at which dafe,'a8 we have already seen, the Lunar Equation took place 
for the first time subsequently to the reformation of the Calendar. 

Erom what has been just said, it will be plain why Clarins, in applying the Expanded 
Table of Epacts to the centuries before 1582, assigned the Index N to a. d. 1 ; P to 320 
and 500; a to 800; b to 1100 ; and o to 1400. 

Ajb the line P represents the cycle of Epacts and the Golden Numbers at the time of 
the Connoil of Nice, and as, in the Old Calendar, no change was made in the Golden 
Numbers until the correction in 1582, it follows that P represents the relation between 
the Golden Numbers and the Gregorian Epacts (the Gregorian Epacts denoting the 
Moon's age at t/tf beghming of a year or the end of the preceding) during the whole time 
from 325 to 1582. 

129. From what has been said, it is now easy to show the close connexion subsisting 
between Table III. of the Prayer Book and the Expanded Table of Epacts (Art. 108). 
In fact, the latter Table may be transformed into 30 Calendars, in which the Calen- 
dar New Moons are expressed in Golden Numbers. And in the same way. Table III. 
may also be expanded into 30 Calendars of Golden Numbers. These 30 Tables will, 
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indeed, be, properly speaking, only 30 different Paschal Tables; but, as Jias been before 
remarked, these PaBchal Tables inay eacli be expanded into the complete Calendar 
for the whole year (Art. 111). The two sets of 30 Calendars of Golden Numbers, 
arrived at in these two ways, will be lound tobe exactly identical with each other. Thus, for 
example, suppose we wish to form the Calendar with Golden Numbers for "the period of 
time during which the line of Epacts deuoted by Index P was in use, we have only to 
take into our hands the Gregorian Perpetual Calendar (Art. 114), and write the Golden 
Number III., corresponding to Epact ', opposite January 1, 31, March I, 31, April 
29, May 29, June 27, July 27, August 25, September 24, October 23, November 22, 
December 21, Similarly, Golden Number IV., corresponding to Epact 11, must be 
written opposite all the days to which Epact 11 is affixed in the Gregorian Calendar : 
viz., January 20, February 18, March 20, April 18, May 18, June 16, July 16, August 
14, September 14, October 12, November 11, December 10. And so with all the rest of 
the Epactfl in line P, and the Golden Numbers corresponding respectively to each. When 
this process ia complete, we shaU have the Golden Number Calendar corresponding to the 
line of Epacts P. Now, we have already seen that P is the line of Epocts belonging 
to the date ot the Council of Nice ; in other words, the Golden Number Calendar thus de- 
veloped is the Old Church Calendar, as will be seen by comparing it with the latter, as 
set forth in Art. 53. 

Table III, be(;iiis after the correction, and, therefore, we cannot develop from it the Old 
Church Calendar, except, indeed, by taking Index Figure 23, which, as we have already 
seen, will reproduce Old Style (Art. 106). Looking, then, at III., 23, we find April 13 
for the date of the Paschal Full Moon ; therefore, that of the New Moon was March 31, 
where we find Golden Number III, ; and Golden Number III. is also found at January 
31 and January 1. Similarly, IV., 23, gives April 2 for Full Moon, and March 20 for 
New Moon, opposite which we find Golden Number IV., and therefore IV. is also oppo- 
site January 20. In this way we shall reproduce from Table III. also the Old Paaohal 
Table, as we developed it from the line of Epacts P. 

Again, we can, in exactly the same way, derive from line D the corresponding Calen- 
dar (that in use from 1583 to 1699) in terms of the Golden Numbers. And the same 
Calendar can be developed, as before, Jrom Table III., by means of the Paschal Table 
under Index Figure : and so on for the rest of the 30 Tables. 

It ia obvious, on comparing these results, that the 30 Index Figures in the Table, Art. 
106, correspond to the 30 iTuiex Letteri in the Expanded Table of Epacts — ^thus : 
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Each eorresj ending pair wiU give the some Calendar of Golden Letters — the figures 
from Tal'le III., the letters from the Expanded Table of Epacts. We shaU see still 
more plainly the intimate connexion hetwepn these two Tables, when we come to the 
Gregorian Perpetual Pn^chal Ta/,U, Art. l,ii. 

The 30 Calendirs of Golden Numbers, corresponding to the 30 lines of Epacts in 
the Expanded Table of Epacts, are given at length by Clavins, cap, xv., pp. 285, sq. 



130. To Find Eauler Day hy meam of l/ic Gregorian EpacU. 

"We can now easily see how Easter Day is found for any year a. d. (.r) since the cor- 
rection of the Calendar in 1582, by means of the Gregorian Epaota: — 

1°. Find, from the Index to flie Expanded Tab!e of Epacts, the tine of Epacts corre- 
sponding to the century to whi<'h the given year belongs. 

2". Find the Golden Number of the year by means of the formula f ~j^ ) . 

3". From the same Expanded Table find the point of intersection of the line of 
Epacts (1°) with the vertical column imder the Golden Number (2"). The number at 
that point is tlie Epact for the given year. 

i"'. Look out, in the Gregorian Calendar of Epacts (Art. 114), between the limits of 
March 8 and April 18 (both inclusive), for this Epact (3") : tho corresponding day of the 
mouth will be the day of the Paschal JV'ew Moon. 

0^. Beckon 14 days from that day, inclusive, and we get the day of the Paschal Full 
Moon. 

6^. Find the Sunday Letter of the given year, either from the Table, Art. 95, or the 
general formula, Art. 92. In the column of Calendar Letters (Table, Art, 114), take 
the Letter just found, which follows nerf after the day of Full Moon. 

7^. The day of the month corresponding to this Letter will bo Easter Doy. The 
reason why the Letter must be the next af/cr the day of Full Moon is, that Eaet«r Day 
cannot fall on the daj' of Full Moon, but must be postponed to the following Sunday 
(Art. 45). 

131. Ex. 1. Find Easter Day, a. ». 1875 {vid. Tables, Arts. 114 and 123). 

1°. la the column of centuries in tlio Expanded Table of Epacts, we see that 18 has 
for its line of Epacts C. 

2". The Golden Number of the year is SIV. 

3'. The corresponding Epact in line C la 23. 

4". In the Calendar of Epacts, within the assigned limits, this Epact 23 is found 
opposite March 8, which is, therefore, the day of the Paschal JVrw Moon. 
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5". The corresponding Full Moon foils on March 21. 

6', The Sunday Letter of the given year is C (Art. 02). This Letter belongs to 
Mareh 21 ; consequently, we must select the nrx( Sunday — namely, March 28. 

7'. Therefore, Easter Bay, a. d. I87o, fell on March 28, 

If the given year be a Leap-year, thp Sunday Letter found by the formula will be 
the second of the two Sunday Letters, aa before shown. But, since Easter always falls 
a^er the intercalated day, the second Letter is the one required. 

Es. 2. Find Easter Day for the year a. d. 2176. 

The line of Epacts correaponding to century 21 is B ; the Golden Number XI. ; the 
Epact 19 ; Sunday Letters G F. From the Epaet Calendar we see that Epact 19 gives 
the Paschal New Moon on March 12, and, therefore, the Fidl Moon on March 25 ; and 
the next F after this day gives March 31 for Easter Daj-. 

Ex. 3. Find on what day Easter will fall in a. ii. 1973. 

The line of Epacts is B ; Golden Number XVII. ; Epact 25. Therefore {Art. 120), 
Paschal Neic Moon falls on April 4 ; FuH Moon on April 13. Sunday Letter G; conse- 
quently, Easter Day April 22. 

It is obvious that, in the Old Calendar, the Golden Nvmher and Sunday Letter were 
the necessarj' and sufficient data for finding Easter ; so, in the Gregorian Calendar, the 
necessary and sufCcient data are the Epact and the Sunday Letter. But, as both the 
Golden Number and the Sunday Letter are functions of the single indcjiendcnt vaiiable, 
the given year f.r), and as the £}>(ict is deduced, as we have already intimated, and shall 
see more fully hereafter (Art, 137), from the Golden Number, it follows that, both in the 
Old and New Calendars, there ia but one necessary and sufficient datum for the deter- 
mination of Easter — viz., the year a. v. 

132, We have seen (Art. 60) that, in the Oid Cfilcndar, so much of it as related to 
the finding of Easter Day was separated from the rest, and formed what was called the 
Perpetual Pmchal Ttihk (Art. 60) ; and [Arts. 105, 106) that, after the correction, simi- 
lar temporanj Paschal Tables might be, and were, constructed for finding Easter Day, as 
before, by means of the Golden Numbers : for example, the two temporary Pasohal Tables 
in our Prayer Book. Similarly, so much of the Gregoi-iuH Epact Calendar has been 
extracted from the rest as is contained between the limits of the Paschal /((//Moons 
(March 21 to April 18) ; and this Table forms what is called T/ie Perpetual Gregorian 
Paschal Table. 

In this Tabic the Epacts denote, not, as in the general Epact Calendar, the Fasdial 
New Moons (March 8 to April 5), but the Paschal Full Moons (March 21 to April 18) ; 
■which is effected by simply moving down all the Epacts within the former limits thirUm 
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Tlie Epact of iLe yotir being found, as before (Art. 130, 1°, 2", 3°), and tlie Sunday 
Letter being also found, look for the Epact in this Table, and for the Sunday Letter 
next after that Epnct. The corresponding day of the month will be Easter Day. 

Ex. 1. Find Easter Day, a. d. 2000. 

The Epact is 24 ; Sunday Letters B A. By the Table, 24 belongs to April 18 ; and 
the nest following A to April 23 ; which is, therefore, the Easter Day required, 

Ex. 2. Find Easter Day, a. d. 2182. 

The Epaet is 25' ; and Sunday Letter F. Therefore the required date is April 21, 

Ex. 3. Find Easter Day, a.d. 2221. 

The Epact is 5 ; Sunday Letter G ; Epact 5 belongs to April 8, whose Letter also is 
G. Hence we mixst take the following G, which gives April 15 for the required Eastor 
Day. 

If we desire the Old Style Easter — that is, the date of Easter Day, had there been 
no correction of the Calendar — for the years above given, we find that the Golden Num- 
bers for the years 2000, 2183, 2221, respectively, are VL, XVII., XVIH. The Sunday 
Letters are generally the same as those of New Style, but must be looked for in the 
Table, Art. 29, or calculated by the formula, Art. 32. In the present cases, the Sunday 
Letters are, respectively, C B, E, F. Hence, by the above Table, the corresponding 
Easters fall on April 17, April 14, and March 31. 



133. The following mode of finding Easter Day when the Epact and Sunday Letter 
are known is very simple. 

Looking at the Epact Calendar {Art. 114), we see that in March the Epact which 
indicates the New Moon, added to the day of the month, is always = 31. If we add 
13, we see tliat the date of the Paschal Full Moon, if it falls in March, is = 13 + 31 - 
Epact = 44 - Epact. But if the Full Moon falls in April, its date will be 43 - Epact, 
since mfar as April 5 the day of the month + Epact = 30, and the Paschal New Moon 
cannot fall later than April S. Further, as no Paschal New Moon can fall before 
March 8, corresponding to Epaot 23, it follows that in March the Epact of the yeax 
cannot be greater than 23. 

1 . if, tlu-n, the Epact be < 24, find it in March and take the date 44 - Epact, which 
will give the Paschal Full Moon, it being understood that March 32 = April 1, March 
33 = April 2, and so on. 

2. I/t/ie Epact be > 24, look for it in April, and take the date 43 - Epact in April; 
this will give the Paschal Full Moon. 

3. As no Paschal New Moon can fall after April 5, the Epact of whicli ia double 
(34 and 23), and no Paschal Full Moon can fall after April 18, it follows tlmt if the Epact 
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of the year he 24, it miist be changed to 25 : because 43 - 24 would give the date the 
19th of April. 

4. "We have also seen that if the Epact of the year be 25, and at the same time the 
Golden Number be > 11, we must change 25 into 26. 

5. Easter Day is the Sunday after the date thus found for the Fcischal Full Moon ; 
and that Sunday is found as before when we knoic the Sunday Letter, 

Ex. 1. Find Easter Day, a. d. 1848, given that the Epact is 25, and Sunday Letter A. 

As Epact is > 24, we must look for 25 in April. But as the Golden Number, being 
VI., is less than XI., we need not take 26 instead of 25. Hence, date of Paschal Full 
Moon = April (43 - 25) = April 18 ; and the Letter A is found opposite the 23rd. 
Therefore Easter Day falls on April 23. 

Ex. 2. Find Easter Day for the year 1954. 

The Epact is 25, and Sunday Letter C ; Golden Number XVII. As the Golden 
Number > XI., 25 must be changed to 26 : therefore, 43 - 26 = 17 April is the day of 
Paschal Full Moon ; and the Letter C is found opposite the 18th, therefore the required 
day is April 18. 

Ex. 3. Find Easter Day for the year 1818. 

Epact is 23, and Sunday Letter D : accordingly, 44 - 23 = 21st of March is the day 
of Paschal Full Moon ; and D is found opposite the 22nd, consequently, 22nd of March 
is Easter Day (earliest possible). 

Ex, 4. Find Easter Day for a. d. 2258. 

The Epact of the year is 24, and the Sunday Letter C : 24 must first be changed into 
25 {8upra)y and then we have 43 - 25 = 18 April, as the date of the Paschal Full Moon ; 
and the Letter C is found opposite April 25, therefore Easter Day falls on April 25 (the 
latest possible). 

Ex. 5. The same is true for a. d. 4900. 

134. We have given (Art. 62) a Table to find Easter for every according to the old 
unreformed Church Calendar. A similar Table has been constructed by Clavius (p. 38) 
for the Gregorian Calendar, in which the Epacts take the place of the Golden Numbers. 
The Table shows all the days on which Easter can possibly fall, according to the possible 
combinations of the 31 Epacts (25' being counted as distinct from 25) and seven Sunday 
Letters. The construction of the Table is obvious on inspection, and from the explana- 
tions appended to it. 
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The Gregorian Paschal Table, 

Bhoicing the daye on which Easter can fail according to the possible combinations of the 

Epacts and Sunday Letters. 



Almanac. 


Dom. Lett. 






Cycle of Epacts. 


1 


Easter Day. 


1 




23 








22 M. 


8 




22 


21 


20 19 18 17 


16 


29 M. 


15 


D 


15 


14 


13 12 11 10 


9 


6 A. 


22 




8 


7 


6 5 4 3 


2 


12 A. 


29 




1 


• 


29 28 27 26 


26' 26 24 


19 A. 


2 




23 


22 






23 M. 


9 




21 


20 


19 18 17 16 


16 


30 M. 


16 


E 


14 


13 


12 11 10 9 


8 


6 A. 


23 




7 


6 


6 4 3 2 


1 


13 A. 


30 




• 


29 


28 27 26 26' 


26 24 


20 A. 


3 




23 


22 


21 




24 M. 


10 




20 


19 


18 17 16 15 


14 


31 M. 


17 


F 


13 


12 


11 10 9 8 


7 


7 A. 


24 




6 


6 


4 3 2 1 


• 


14 A. 


81 




29 


28 


27 26 26' 26 


24 


21 A. 


4 




23 


22 


21 20 




26 M. 


11 




19 


18 


17 16 16 14 


13 


1 A. 


18 


G 


12 


11 


10 9 8 7 


6 


8 A. 


26 




6 


4 


3 2 1 • 


29 


16 A. 


82 




28 


27 


26 25' 25 24 




22 A. 


6 




23 


22 


21 20 19 




26 M. 


12 




18 


17 


16 15 14 13 


12 


2 A. 


19 


A 


11 


10 


9 8 7 6 


6 


9 A. 


26 




4 


3 


2 1 • 29 


28 


16 A. 


33 




27 


26 


25' 26 24 




23 A. 


6 




23 


22 


21 20 19 18 




27 M. 


13 




17 


16 


16 14 13 12 


11 


3 A. 


20 


B 


10 


9 


8 7 6 6 


4 


10 A. 


27 




3 


2 


1 • 29 28 


27 


17 A. 


34 




26 


26' 


25 24 




24 A. 


7 




23 


22 


21 20 19 18 


17 


28 M. 


14 




16 


15 


14 13 12 11 


10 


4 A. 


21 


C 


9 


8 


7 6 6 4 


3 


11 A. 


28 




2 


1 


• 29 28 27 


26 26' 


18 A. 


35 




26 


24 






26 A. 



Note. — ^Wheneyer the Epact is 25', which can only be when the Golden Number > 11, we muti change 
25' to 26. 

Whenever the Epact is 24 we may change it into 25 ; but with Letter C this change is necessary. 

The Column entitled '* Almanao " will be explained further down (Art. 165). 
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year. Now, we have seen (Art. 117) that, after the correction in 1582, and before the Secu- 
lar Equations began, the relation between the Epact and the Golden Number (N) was 
given by the formula 

Epact =(^ -A ^1=,,. 

Let ©, as before, denote the Solar Equation, and J the Lunar ; and let c be the cor- 
rected Epact for any year a. d. ; then, as the effect of the Solar Equation is to diminish 
the Epact (ci), and that of the Lunar Equation to increase it, we shall have, for ant/ year 

A. D., 

f = £!-©+ J. (1) 

But (by Art. 87) © = (cr - 16) - (^^) = (^^^T^)j ^^^' ^''' ^""^ ^' ^^ ' 
and (Art. 88), 



'w 



Substitute these values of ® and J in (1), and we get for the corrected Epact 



€ = 



30 



I - (- •«) ' (^a * (^^1- <») 



This formula contains the whole of the Expanded Table ofEpacts. 

Since N and <r are both functions of a?, the given year, the Epact is a function of x 
only. The three l«wt terms depend on <t only, and therefore remain unchanged for a 
century. 

Since a = f ^~ j , (Art. 88), its value will be zero until <t - 17 = 25 ; that is to say, 

until A. D. 4200 ; and up to that date the third term may be written [^-^ — ) . Moreover, 

' — 15\ 

-- — J will not itself be a whole number till o- = 18 ; in other words, the Lunar Equa- 
tion itself did not come into the calculation of the Epact until a. d. 1800 ; so that up to 
that date, the expression for the Epact was 

'iV^+10(iV'-l)\ , ,^, /<T-16 



i)^-(.-16).(< 



30 ,. . ^ ,„ 



— 16 

Again, — 7 — will not be a whole number until a = 20 ; therefore, for any year 



THE CALENDAE. 199 

after 1799 and l)efore^2000, the value of the Epact is given by the expression 

'iV'+10(JV^-l)\ , ,«> fa -15' 



* ■ 30 



'\ - (. - 16) * (■ 



'w 



Fof* the present century^ as <t = 18, 



€ = 



- 



30 Jr \ 30 

as we found before (Art. 116, 3°). 

136. From the general expression (2), Art. 135, results the following Rule for finding 
the Gregorian Epact for any year {x) a. d. 

V. Find the Golden Number of the given year 'An^^ ( "Tq~ ) )" 

2°. To N add ten times the next lower number ; divide by 30, and keep the remain- 

3°. From the centurial figures of the year (assimied to be not less than 16) deduct IG: 

(rr - 16). 

4®. Take the quotient of 3® divided by 4, neglecting fractions : ( — - — ] . 

5"^. From the centurial figures of the year deduct 17 ; divide by 25, and keep the 
quotient :(^^. 

6"^. From the centurial figures subtract 15 and 5" ; divide by 3, and keep the quo- 
tient:(^-:i^?)^^. 

7°. Add together 2°, 4°, 6°, and subtract 3°. The difference will be the Epact. 

Note. — If the result be negative^ subtract it from 30, and the remainder is the Epact; 
if 0, change it into 30. 

If the result be 24, change it into 25, and if 25, change it into 26, whenever the 
Golden Number is greater than XI. (Art. 119). 

Ex. 1. Find the Epact for the year 4210. 

r. Q. N. . (^) . XII. 
3\ (42 - 16) = 20. 
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70 2° + 4° + 6° - 3° = 16 - 26 = - 10 = 20 (t. e., 30 - 10). 

Hence the required Epact is 20. 

Ex. 2. Find the Epact for the year 1954. 

r. G.N. =XVIL; 2° = 27; 3^ = 3; 4^ = 0; 5° = 0; 6^ = 1. 

Hence, 2^ + 4° + 6° - 3"^ = 25, the Epact, which, as G. N. > XI., must be changed 
to 26 0). 

(1). There may be, of course, other formulte for finding the Epact, different from that given in the text. 
Delambre, /. c, pp. 61-67, gives the following, by Ciocolini : — 

* " { 30 }r 

This is at once dedudble from equation (2), Art. 13d, which may be written thna— 

*=( 30 )/ W 

where, as before, © stands for the Solar, and 9 for the Lunar, Equation. Now, by Art. 87, Note 2, 
equation (/), 

and by Art 88, Note, 

^ /8(r+13\ ^ /8(r-112\ 

^=l-25-;.-^=i— 25— j.- 

By substitution, we at once get the required value for f . 
Another expression is the following : — 



17 0^.(f)^x«.8« 



"^-v '^" V F ^>- <') 




30 
Taking equation (6), we see that 
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and, therefore, 



• = ( 30 )r- 

By equation (<*) of Art. 87, Note 2, we see that 

/(r\ „ /8(r-n2\ 

"\ 26 /w^ ^ 

/l7<r-25 fj) +86\ 



or, since 



the aboTe expression 

By subttitution, we get equation (e), written above. 

137. Having found the Epacifor any year^ tee now proceed to show Imc Easter Day may 
he determined from it, analytically. 

The problem contains but one independent variable — viz., the year, ;i?; as the Golden 
Number is a function of x^ and so also the Sunday ^Letter. Consequently, when x is 
given, we have the only datimi necessary for finding Easter. 

Delambre'fi solution is substantially the following (Astron. Mod., i., p. 17}. We 
have already employed it in Art. 64, but we repeat it here. 

The earliest day on which Easter can fall is March 22 (Art. 45) : the Calendar Letter, 
in this case, is D ; and therefore the Sunday Letter h£is for its nimiber 4, in the scale 

A B C D E F G 
12 3 4 5 6 7 

(Art. 33). In this case, Sunday is the fifteenth day of the Moon ; therefore, the day of 
the New Moon is March 8 (22 - 14), whose Calendar Letter is also D = 4. Li this same 
case, the Epact is 23, as this is the Epact opposite March 8 in the Epact Calendar. 
Hence it follows that Easter Day will fall on March 22 (its earliest possible occurrence), 
when the Epact is 23 and Sunday Letter D. These are the necessary and sufficient con- 
ditions. The latest day on which Easter can fall (as we have already seen, Art. 45) is 
April 25, Epact 24, Sunday Letter C. 

2d 
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This beiog premised, the General Rule is thus found : — 

Easter Day cannot fall earlier than March 22, or later than April 25. 

In the first case, D + c = 4 + 23 = 27 ; 
In the second case, C + e = 3 + 24 = 27. 

Let P denote the day of March on which the fifteenth day of the Paschal Moon f alls^ 
and which would be Easter Day if the fifteenth of the Moon fell on Sunday [N. B. — 
April is to be considered as a continuation of March : e. g.y April 10 = March 41]. 

Let IT denote the day of March on which Easter Day actually falls in the given 
year. 

Let L be the number of the Sunday Letter of the year, in the above scale ; and X the 
number of the Calendar Letter corresponding to P. 

The equation of the problem is obviously 

7r = P + i-A. (1) 

L is found when the year is given. P and A are found from the Epact (c), as follows : — 
Suppose Easter to fall on March 22, we have P = 22, and c » 23 ; and, therefore, 

P-h€ = 45, orP = 45-€. (2) 

Formula (2) is true, not merely for the particular case supposed, but in general; be- 
cause, in consequence of the retrograde order of the Epacts in the Calendar, as fast as P 
increases, c diminishes ; thus, when P becomes 22 + 1, c becomes 23 - 1 ; and, in general, 
when P becomes 22 -f y, « simultaneously becomes 23 - y ; so that their sum is constant, 
and = 45. 

The only uncertainty that can arise is with reference to the double Epacts prefixed 
to April 4 and 5. But we have already seen (Art. 119) that, when the Epact of the year 
is 25, and the Golden Number > XL, we must use 26, or the day opposite 26 (April 4), 
as the day of the Paschal New Moon. 

We have still to find A. 

In the extreme case of P = 22, A is D = 4 ; and c = 23. Hence, 

A + € = 4 + 23 = 27, and A = 27 - £. 

But this expression is general for all cases of A ; because A increases as P increases, 
and € decreases by the same number (as above). Hence 

A + y + € - y = 27, 

and, therefore, in all cases, 

A - 27 - 6. 




75- 

'57- 




. 7 


Ir 
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As X cannot exceed 7, this must be ■written 

Thus, then, knowing P, i, and f , we find the value of ir from formula (1). 

P cannot be less than 22 ; therefore the minimumydXMQ of 45 - € is 22 ; or f = 23. If 
e > 23, we must add 30 to the constant, 45, in (2) ; and, in the same way, we must, in (3), 
add 30 to the constant, 27 : because X is the Letter corresponding to P. Hence the Rule, 
that, whenever c > 23, the formulas 

(2) 45 -£ 
. (27 - f\ } must be changed to \ (57 - ^ \ (4) 

This completes the solution of the problem. 

As the Epact 23 is aflSxed to March 8, the earliest day on wliich the Paschal New 
Moon can fall, and as the Epacts proceed in retrograde order, it follows that when the 
Epact is greater than 23 the Paschal Moon cannot fall in March, and therefore Easter 
must fall in April. 

If, on the other hand, the Epact is less than 24, the Paschal New Moon cannot fall 
in April ; and, therefore, Easter cannot fall in that month, because the last day in April 
on which the Paschal New Moon can fall is the 5th, to which corresponds the double 
Epact 25, 24. 

It must also be remembered, as before mentioned, that in calculating Easter for the 
difPerent years of any century a certain number of the items of calculation are common 
to the tchole century, while some belong exclusively to the particular years. The con- 
stant elements are those which involve only the centurial figure, a, while the variable ones 
are those into which x enters : viz., 6 and L. 

138. Having already given (Art. 136) the arithmetical Rule for finding the Epact of 
any year, I now proceed to add to it the remaining steps necessary for the determination 
of Easter Day, as derived from the investigation of the preceding Article. The first 
step is to find the Sunday Letter of the year. 

The formula for this is given in Art. 92 (4), which is translated as follows : — 
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u 

9 
&' 

a 

9 
GQ 



8^. Add 1 to the given year : [x + 1). 

9°. Take the quotient of the given year divided by 4, neglecting the remain- 



der : ( T 
4 



to 



10°. Subtract 3° from this sum ; and add 4°. 

ir. Divide the result so obtained by 7, and keep the remainder : (f )^. 



12*^. Subtract this remainder from 7 : i = 7 - ( -=- j . 

We have now two cases to consider. 
I. When the Epact is 23 or less. 

13°. Subtract the Epact from 45 : (P = 45 - c)- 

14°. Subtract the Epact from 27 ; and divide by 7, keeping the remainder, or 

7, if there be no remainder : X = f — =- 1 . 

II. When the JEpact is greater than 23. 

13°. Subtract the Epact from 75 : (P = 75 - i). 

14''. Subtract the Epact from 57 ; divide by 7, and keep the remainder, or 7, 



if there be no remainder 



-m- 



15°. To 13° add 12°, and subtract 14° ; if 14° > 12°, add 7 : (P + i - A). 
16°. The result is the day of March on which Easter Day falls ; if more than 
31, subtract 31, and the remainder is the day of April on which Easter 
falls: (7r = P+(i:-A)). 
The following are the formulas necessary and sufficient for finding Easter Day 
analytically, for any year x : — 



^-(tf)- 



where a = 



4 y„ 

a -IT 



-15 - a' 
3 



(1) 

(2) 




X 



(^+1) + (1) -(,-16) + 



25 ,„ 

<T-16 



I 



= f^Lll\ I > "^^^^ « ifi 23 or less ('). 



(3) 



(4) 
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P= 75-t \ 

. _ /57 - «\ / » when t is greater than 23. (6) 

L - \ (it may be = 0, but cannot be negative: and when Z < X, add 7). (6) 

TT = P + i - X. (7) 

(1). Both these equations, (4) and (5), can be included in the single one : 



P = 22 



/ /30 + 23- €\ \ 



139. I shall now give some examples to illustrate the application of the above solu- 
tion. 

Ex. 1. Find Easter Day, a. d. 4900. 

We must find the JEpact from Art. 135, (2). In the given ease, 

a = 49 ; a - 16 = 33 ; <t - 15 = 34; <t - 17 = 32 ; a = 1 ; 

'<r - 15 - rt\ , ^ /<r - 16\ ^ /<r — 16^ 



3 



w 



-"^r-x^).-»--(^-).-!-")-^'- 



These, which are the Secular terms of the equation (2), will be the same for the whole 
century 49. 

The Golden Number {N) = (^) = XVIII. 

H»». (^^'y-'?}. 8 .30.. 8 .38. 

Hence we get for the Epact, 

€ = 38 - 25 + 11 = 24. 

We have next to find the Sunday Letter^ L. For this purpose, we must take the ex- 
pression for L given in equation (3) of last Article. Substituting in that expression the 

values just found for <r - 16 and f — j— j , and putting 4900 for a-, we get R « 6101, 
and [ y ) = 4 ; therefore i = 7 - 4 = 3. 



206 THE CALENDAR. 

As { > 23, we must, to find P and A, take the values given by (5) ; that is to say, 

P = 75 - 24 = 61, 

And, finaUy, 7r = P + i-X = 51 + 5 = 56of March = April 25. 

If, in the above calculation of Easter, we were to use Epact 25, instead of 24, we 
should get P = 50 ; X = 4; and, therefore, ir = 50 + 6 = 56 of March, as before. 

We see, then, that using 25 for 24 gives X and P each less by a unit than when 24 
is used ; but, on the other hand, Z - X is greater by a unit, and consequently the 
result is the same in both oases. 

We shall show more fully, farther down (Art. 140), when 24 maf/ be changed into 
25, and when it muat. 

Ex. 2. Find Easter Day for the year a. d. 1954. 

We have already foimd (Art. 136) the Epact for that year to be 25, which, as Oolden 
Number (XVIl.) is > XI., must be changed to 26. We have, then, 

P = 75-26 = 49; X = (^^^^^ =3;i(Art.l38) = 3-C;Z-X = 0: 

therefore P « 49 + = 49 of March, or April 18, Easter Day. 
Ex. 3. Find Easter Day for the year 3860. 

Hence, € = 4 + 5 + 7 - 22 = - 6 = 30 - 6 = 24. 

.-. P = 75-24 = 51; X = (^— ) =5; i = 7 = G; Z-X = 2; 

/. IT = 51 + 2 = 53 of March, or 22 of Aprils Easter Day. 

In Clavius, p. 514, this is, by mistake, given as March 22. The correct day (April 
22) is given by him under a. d. 3917 and 4012, which years have the same Epaot (24) 
and Sunday Letter (G) as 3860 ; and therefore all three must have the same date fop 
Easter Day. 

140. I add to the examples above given a few more, tabulating the particular results 
leading to the final conclusion, the references 1"^, 2"^, &o., being to the steps enumerated 
in Arts. 136, 138. 
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Sunday Letter is D. Again, 25 may ahcat/s be changed into 26 ; and must be, when the 
Gblden Number > 11, and the Sunday Letter is 0. 

That the Epact 24 may altcays be changed into 25, and 25 into 26, is obvious from 
this, that in each case P and X are lessened by a unit ; but, on the other hand, Z - X is 
increased by a unit ; consequently, ir (= P + i - X) remains unchanged. 

That 24 must be changed into 25, when the Sunday Letter is D is easily shown, 
thus. Art. 139 shows that 

P= 75-24 =51 

But in this case i = D = 4;.*. ii-X = 4-5 = -l = 6. Consequently, ir = 51 + 6 = 57 
» April 26, which is beyond the Easter limits, and must be rejected. Changing, there- 
fore, to 25, we get P = 50 ; X = 4 ; .-. i - X = 0. Hence, ir = 50 - = April 19, Easter 
Day. This change will be required in 1981 (vid. infr. Art. 144). 

That 25 must be changed into 26 when Sunday Letter is may be proved in the same 
way : — 

P = 75-25 = 50 \ 

X = (^T_z^\ = 4 • *^®^^ore, i-X = 3-4 = -l = 6; 

.-. IT = 50 + 6 = 56 = April 25. 

But when G. N. > 11, the Epact 24 is in use along with 25 (Art. 119) ; and Epact 24 
and Sunday Letter C will also give April 25 for Easter Day. Now, two Easters on the 
same day in the same cycle is not allowed. But by changing 25 to 26, we get P = 49 ; 
X = 3; .•. i-X = 3-3 = 0: consequently 

IT = 49 + = April 18. 

This will take place, for example, in a.d. 1954, 2106. 

142. The above formulas (Arts. 136, 138) for finding Easter Day are, of course, 
applicable, with the proper modifications, to the Old, or Julian, Calendar also. In fact, 
the work has been already done for the latter. Art. 64. The only changes required in 
the Grregorian formulas are in the case of the Epact and the Sunday Letter. In the 
former we must omit the change made in 1582 by the dropping of the ten days, and the 
Secular corrections subsequently; and in finding the Sunday Letter, the Secular correction 
must also be omitted. The rest of the process is the same. The formulas, therefore, in 
the case of the Old Calendar are the following {vhL Xxi, 64) : — 
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P= 45-£ \ /= 75-€ 

A = /^ ^^ " ' \ ^r» w^®^ £> 23 ^ / 57 - t \ . (3) 

L-X. (4) 

IT = P + i - X. (5) 

143. Henoe for determining Easter Day of the Julian Calendar^ in any year of the 
Old Stykf toe have the folloicing Eule, analogous to that for the Ghregorian Calendar 
(Arts. 136, 138). The different steps are numbered, for the sake of oomparison, to cor- 
respond with those of the Qregorian Eule. 

/a?+ 1' 
V. Find the Gtolden Number; ( -:r^ 

2°. Take 3 from 11 times 1° ; divide by 30 : the remainder is the Epact ; or, if no 

remainder, 30 is the Epaot ; « = ( oTx ) • (0 

3°, 4®, 5°, and 6"^, involving <t, do not exist in the Old Calendar. 
8°. The number of the given year ; x. 

9°. The quotient of the given year divided by 4, omitting frcwrtions ; ( t ) • 

10°. Omit, as involving <t. 

11°. Add 4 to the sum of 8° and 9^; divide by 7, and keep the remainder. 

12°. Subtract 11° from 7, and compare the resulting number with the scale 

A B C D E F G 

12 3 4 5 6 7 
This gives the Sunday Letter. 
13°, 14°, 15°, same as in Gregorian Rule. 

To the examples already given (Art^ 64), I Avill add one or two more. 
Ex. 1. Find Easter Day for a. d. 326 (Old Style). 
Here we have iV^= IV. ; c = 11 ; Z = 2 = B. 

.-. P = 45 - 11 = 34. 

2 E 
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Z-A = 2-2 = 0. 
.-. TT = 34 + = April 3. 
Ex. 2. Find Eafiter Day, a. d. 1001. 

Here we have N= XIV. ; c = 1 ; L = 6 = E. 

.-. P = 45 - 1 = 44 

i-A = 
.-. TT = 44 + = April 13. 

Ex. 3. Find Easter Day for a. d. 1508. 

Here we have iV= VIII. ; c = 25 ; i = 1 = A. 

.-. P = 75 - 25 = 50 : change 25 to 26, which may always be 
done, and we get P = 49. 

Z-X=l-3=-2=5 
.-. ^ = 49 + 5 = 23rd of April. 

(1). Delambre (Astr. Mod., i. 50} objects to the above expression for the Julian Epact, viz., 
^ J ; and accordingly g:ive8 another solution of the problem. But bis objection is groimd- 

30 / r 

less ; and the solution g:iven above is far preferable to his. 

His own formula (which he adopts from L^art de Verifier les Dates) is 



• = \ 30 // 



^.x. Its /18 + 19iV\ , /3f- 18\ 

He takes jf = (___)^, and a= (-^j^)^. 

Applying this to a.d. 326, we get 3f = 34, as above for P; x « 2, as above, and find the same 
result. 

Putting successively the different values of iV in the formula f — j , we get the following re- 
lations between N^ M, and a.. 
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M 


X 


JV 


M 


A. 


1 


37 


5 


11 


47 


1 


2 


26 


1 


12 


36 


4 


3 


45 


6 


13 


25 





4 


34 


2 j 


14 


44 


5 


5 


23 


5 ' 


15 


33 


1 


6 


42 


3 


16 


22 


4 


7 


31 


6 1 


17 


41 


2 


8 


60 


4 


18 


30 


5 


9 


39 





19 


49 


3 


10 


28 


3 









M depends only onN; and all the numbers after the first thirty-seyen are found by successive substitu- 
tion of 11, and adding 30 when necessary. 

A depends on M^ and is related to it by the formula 

/3f-. 18\ fM-^X 
^ = 1—7-;.= 1-7-)/ 

The period commenced in a. d. 608, the Qolden Number of which was I. 

144. Delambre (Astr. Mod., i., p. 22) has tabulated the 217 possible oombinations 
of the 31 Epaots (25' being reckoned as a separate one) with the 7 Sunday Letters; 
his table obviously corresponds to Clavius' (Art. 134). 

Delambre's Table consists of seven principal columns, in the order of the seven Domi- 

ni«a L..U«, begin^g (tte 01.™') ,itt> D, «>d i. Ih, »,d» ^ f ^ » f f % 

Each of the seven oolumns is subdivided into four : the first, headed c, giving the 30 
Epacts — beginning with 23, which gives the earliest possible Easter, March 22 ; the 
second (A) showing the values of A (Art. 137) corresponding to the 31 Epacts, and the 
Sunday Letters of the respective columns ; the third {L - A) showing, similarly, the 
different values of i - A (Art. 137) ; and the fourth (tt) giving the corresponding dates 
of Easter Day. Thus, for Epact 23, i = D = 4, we get (Col. I.)A = 4; i-A = 0; 
IT = March 22 : for i = E = 5, we get (Col. II.) for Epact 23, A = 4;i-A = l; 
TT - March 23 ; and so on. The following is 

Delambre's Table for finding Easter. 
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145. The inspection of this Table shows that X increases regularly from to 6 ; and 
the € + A is constant during each cycle of X : ^. ^., Col. I., X = occurs with € = 20 ; and, 
€ decreasing as fast as X increases, their sum is constant (= 20 for this series). On the 
other hand, Z - X decreases regularly from 6 to 0. 

We see in Col. I. that with Epact 24 and Sunday Letter D, Easter Day would fall 
on April 26 (Art. 141) ; which is beyond the Paschal limit. We must therefore change 
24 into 25, which gives April 19 for Easter Day. 

In the same Column, I., we see that 25' may be changed into 26 without altering the 
result. 

In Columns II., III., IV., V., VI., 25 nmt/ be used for 24, and 26 for 25'. 

In Col. VII., Sunday Ijetter C, 24 may be changed to 25 ; but 25' must be changed 
to 26 : otherwise, as 25' and 24 are in the same cycle, two Easters would fall on the 
same day (April 25). (Art. 141). 

We see also (Col. I.), as before, that only one Epact (23) will give Easter Day on 
March 22 : and this only when X is D. 

In Col. Yil. we see that two Epacts, 25 and 24, will give the other extreme Easter, 
April 25. 

When the Epact and Sunday Letter are given, the above Table gives at once Easter 
Day. 

Ex. 1. Find Easter Day for 1876. 
The Epact is 4, and Simday Letter A. 

Then we see in Col. V. that opposite Epact 4 we find Easter Day April 16, as it 
ought, for the Table gives X » 2 and X - X "= 6. 

.-. P = 45 - € = 41, 

and7r = P + Z-X=41 + 6 = 47 = April 16. 

Ex. 2. Given Epact - 24, and Sunday Letter E. 

Looking into Col. II. (E) we find opposite c, 24, April 20, or Easter Day ; which 
agrees with the general rule : for X = 4 and Z - X = 0. 

P = 75 - 24 = 51, 
.Mr = P + i-X = 51 + = 5l = April 20. 

146. This Table can also be used for finding the Old Style Easter, when the Julian 
Epact (i) and Sunday Letter (i') are given ; because, as we have seen already (Arts. 64, 
137), the very same formula applies to both Easters, viz. : 

TT = P + Z - X ; Gregorian Easter. 
ir' = P' t Z' - X ; Julian Easter. 
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Ex. Find by the Table the Julian or 0. S. Easter for the year a. n, 1880. 
Here (J. N. = f?^^ = XIX. 




Look in Col. II., under Epaot 26, and we find Easter Day April 20. 

147. We have seen (Art. 70) the long intervals which take place between the oooiir- 
rence of Easter Day at the extreme limits of March 22 and April 25, in the Old Calen- 
dar ; and the law which these intervals follow has also been investigated (Art. 71). Liet 
us now inquire how these intervals are modified in the Gregorian Calendar. 

The following Table shows the years in which Easter Day occurs on March 22 and 
April 25, respectively, from the reformation of the Calendar in 1582 to a. d. 5000. 
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Easter 








on 


Intervals. 




on 


Intervals. 




on 


Intenrals. I 


March 92. 








April 25. 










April 25. 








▲.D. 








A.D. 










A.D. 








1698 








1666 










3097 










96 = 


19 X 6 






68 = 


19 X 


3 + 


11 




67 = 
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1693 








1734 










3164 










68 » 


19 X 3 i 


11 
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8 
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19 X 
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1761 








1886 










3249 
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19 X 3 






67 = 


19 X 


3 




i 
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1818 








1943 










3306 
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19 X 24 + 


11 
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V) 
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8 + 11 


2286 








2038 










3409 
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3 -*- 11 


2363 








2190 










3537 
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68 =-- 
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3 4- 


11 
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2268 










3621 
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11 
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2606 








2326 










3784 
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2972 








2410 










3993 
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19 X 3 






163 = 


19 X 


8 + 


11 




96 = 


19 X 
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3029 








2573 










4088 










372 = 


19 X 19 + 


11 




57 = 


19 X 


3 






68 = 


19 X 
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2630 










4156 
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19 X 5 


1 




152 = 


19 X 
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4528 
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11 
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19 X 
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3716 








3002 










4680 
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19 X 31 + 


3 




95 = 


19 X 
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4308 






1 

1 

1 


3097 








1 


4748 
4900 


162 -= 


19 X 


8 



Clayius (p. 614) gives for 3860, March 22 ; but this is clearly a misprint for April 22. In the first 
place, in the Extended Table of Epacts, a. d. 3860, the Epact 23 (an essential condition) does not appear. 
Again, A. D. 3860 has Epact 24, Sunday Letter G (D being the condition for March 22). And, lastly, 
Epact 24, Q, are the conditions for April 22 (Table, Art. 144). Delambre follows this mistake or misprint, 
and observes that the interval between 3860 and 4308 is 448 = 19 x 23 + 11. Omitting, therefore, 3860, 
the interval between 3716 and 4308 = 592 = 19 x 31 + 3. The next occurrence, after 4308, of March 22 
is 6299, between which and 4308 the interval is 991 = 19 x 51 + 3 {}). 



From the above Table the following results follow : — 

1°. From the reformation of the Calendar (1582) down to a. d. 5000, Easter falls on 
March 22 (earliest day) only sixteen times. 

2°. During the same time, Easter falls on April 25 (latest day) thirty-two times, or 
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tvioe as often. The reason of this is that while only one Epaot (23) will give March 22, 
two Epaots (24 and 25) will give April 25. 

The reason why in the Old Julian Calendar the extreme Easters ooonr the same num- 
ber of times is that in this case only one Gblden Number, VUUL., with its corresponding 
Epaot, 25, will give April 25 ; whereas in the Ghregorian Calendar 24 also will giro it. 

3°. The intervals between the consecutive occurrences are, in both cases, of the form 
19 X n, or 19 X n ± 11, with exception of the last interval in the first series, which is 
19 X 61 + 3. 

4^ In the former case n is 3, 5, 19, 24, 31 ; in the latter case, 3, 5, 8, 11. The 
shortest interval in each case is 57 years = 19 x 3. 

5°. The longest intervals, 372, 467, 592, 991, are peculiar to the limit of March 22. 

Delambre observes that in neither series can any regular law of succession be traced, 
such as we have found to prevail in the Old Calendar (Art. 71). 

I have calculated the oases of Easter falling on March 22, from a. d. 5000 to 8500, 
and find as follows : — 

A. D. INTERVALS. 

4308 — 

5299 991 = 19.52 + 3 

5671 372 = 19.19 + 11 

6043 372 = 19.19 + 11 

6195 152 = 19.8 

6263 68 = 19.3 + 11 

6415 152 = 19.8 

6635 220 = 19.11 + 11 

6703 68 = 19.3 + 11 

6798 95 = 19.5 

6882 84 = 19.5 - 11 

6950 68 = 19.3 + 11 

7322 372 = 19.19+11 

7474 152 = 19.8 

7542 68 = 19.3 + 11 

7637 95 = 19.5 

7789 152 = 19.8 

7914 125 = 19.6 + 11 

8161 247 = 19.13 

8533 372 = 19.19 + 11 
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there is only one century (as in the case of March 22) in which tico Easters fall on 
April 25, viz., 30, the years being 3002 and 3097. 

To find the year or f/tara in any century in which Easter will fall on April 25, we 
proceed in an exactly similar way to that followed in the case of March 22. 

Ex. Find whether any and what year in the century 1800-99 will have Easter Day 
on April 25. 

We find opposite Index 18 (Expanded Table) Epact 25, with Golden Number VI. 
In Table of Golden Numbers we find that 1800, VI. gives the years 10, 29, 48, 67, 86, 
in which the Golden Number for that century will be VI. Then, in Table of Sunday 
Letters we see that the only one of these six years which has Sunday Letter G is 1886, 
which is the required year« 

Ex. Find Easter Day a. d. 3401. 



Here we have 



Find Easter Day a.d. 3496. 
Uere, also, 



Find Easter Day a. d. 3097. 
Both of these years have 



€ = 23, Z = D = 4 
P = 45 - 23 = 22 

X = 27 - 23 = 4 
.i-X=0 
.7r-P+Z-X = 22 + = March 22. 

€ = 23, Z = D = 4 
P = 45 - 23 = 22 
X = 27 - 23 = 4 
Z-X = 
.7r = P + Z-X = 22 + = March 22. 

€ = 25 and Z = C = 3 
P = 75 - 25 = 50 



-(^i- 



.-. Z-X-3-4 = -l = 6 

.-. P = 50 + 6 = 56 of March = April 25. 

149. I alluded (Art. 135) to Ghiuss' solution of the Easter problem, given in Zach's 
Momtliche Correspondenz, 1800. The rule which he gives apparently liispenses with the 
Golden Numbers and Epacts, and Sunday Letters, and requires the year a. d. only to 
be given. But the elements just mentioned are implicitly involved in the quantities 
which he denotes by M and N. His Bule is this. Let x be the number of the given 
year a. d. 
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V. Divide « by 19, and let a be the remainder 



4 b 



\lVr 



11-' 



7' ''^ 



4°. To 18 times a add Jf; divide the sum by 30, and let the remainder be rf; 

19 X 



30 A ^' 



5^ To twice b add 4 times c, and 6 times d : add iV to this sum, and divide by 7, 
and let the remainder be e. 



@/-(a 



.evilii^y,^ ^ 



7 /r 

6°. In the Julian Calendar make IT* 15, andiV> 6. 
In the Cfregorian Calendar from 

1582-1699 make Jf = 22, JV- 3 



1700-1739 


99 


23, 


M 


3 


1800-1899 


» 


23, 


» 


4 


1900-1999 


» 


24, 


» 


5 


2000-2099 


» 


24, 


» 


5 


2100-2199 


99 


24, 


» 


6 


2200-2299 


99 


25, 


M 





2300-2399 


99 


26, 


»> 


1 


2400-2499 


» 


25, 


» 


1 



to find Easter Day from the above. 

It will be (22 + rf + e), of March ; that is, {d + e) days after March 22, or (rf + e - 9) 
of April. 

This Bule holds good mthout exception for the Julian Calendar ; and in the Gregorian 
it admits of but two exceptions. 

V. If the calculation jgives April 26, substitute the preceding Sunday, 19th, 
2"". If the calculation gives April 25, substitute the preceding Sunday, 18th, 
when the Golden Number is greater than eleven. 

2f2 
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Ex. 1. Eequired Easter Day for a. d. 1812. 

Here we have 

a = 7; 6 = 0; c = 6; M=23; iV=4; rf = 6; c = l. 

Hence, 22 + 6 + 1 = 29th Mare'a. 

Ex. 2. Find Easter Day for 1876. 
6. We have, as before, J/" = 23, JV = 4. 

3. (1^)^ -0, . 



, /4 + + + 6 X 19\ 

5. (^ ^, j^ = 6. .. 

Therefore, Easter Sunday is March 22 + 19 + 6 » March 47, or April 16 ; or, 
19 + 6 - 9 of April, = April 16. 

Ex. 3. Find Easter Day for a. d. 2133. 

Here, i/'= 24; JV= 6; i = D = 4. 



( 



/2133 \ 

VisA 

m 
m 

24 + 95' 



( 



30 
2 + 20 + 174 + 6' 



= 5, a. 



= 1, b. 



= 6, c. 



= 29, d. 



= 6, e. 
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Easter Day is 22 + 29 + 6 = 57 of March = 26 April, which must, as above stated, be 
changed into April 19. 

Ex. Find Easter Day, a. d. 1954. 

Here, Jf=24;iV=5. 



/1954\ 



( 



1954\ 
4 A 



( 



m 

24 + 304' 



( 



30 
4 + 4 + 168 + 5^ 



= 16, a. 



= 2, b. 



= 1, e. 



= 28, d. 



= 6, €. 



Therefore, Easter Day = 22 + 28 + 6 = 56 of March = 25th of April. But as the 
Golden Number (XVII.) is > 11. The preceding Sunday must be taken, as above noted, 
viz., April 19.(») 

(1). Cicoolini deduces from his formula for the Epact {vid. Note to Art. 136), viz., 



« = \ 5o /' 



(ff denoting the number of the century) - a Rule for calculating Easter, very similar in form to that of 

Gauss : thus, put p = 30 - c ; d= ( ^ j ; e = f — '-—j where X = number of Sunday Let- 
ter of the year. 

Easter Day will be 22 + c? + e of March, 

or rf + c - 9 of April. 

It is subject to the same two exceptions as Gauss' Rule. Delambre, Astr. Mod. 1, 52. 

Ex. 1. Find Easter Day ▲. d. 2285. 

JV= VI., and «r = 22, i = D 4. 
Hence, € = 23; p = 7; «? = 0; c=0, 

.*. Easter Day = 22 + + = March 22. 
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Ex. 2. Find Easter Dar a. d. 1943. 

N^Yl; X = C = 3; .-.€ = 24,^ = 6; d=29; e = 5. 

Hence, Easter Day is 22 + 29 + 5 = 56of March, 25th of April, 

or 29+ 5 - 9 = 25th of April. 

150. A proof of Gauss' Eule for the two centuries, 1700-1899, is given by himself 
in Zax^h^s Monatliche CorrespandenZy Vol. ii., p. 221, sqq.y Aug. 1800. TTia Rule conoiselj 
stated is as follows : — 

Let A be the number of the year: — 

1. Divide A by 19, and call the remainder a. 

A, „ 4, „ „ 0, 

o, „ #, „ „ C, 

4. Divide the number M + 19a by 30, and call the remainder d. 

5. Divide the number (26 + 4o + 6rf + N) by 7, and call the remainder e. 

Easter Day is 22 + rf + e of March, or rf + e - 9 of April. M and N are thus found: 

Divide n by 100 ; and call the integer quotient h, 
„ A: by 3; „ „ „ p. 

J, *by 4; n » ,, q- 

Then, „ ^ ( Ib^k-p-g X 

V 30 ; 

Delambre (Astr. Theor. et Prat, iii., 712) incorrectly stated that Ghtuss had not given 
the law of the formation of the quantities IT and N^ and had merely stated their values 
as far as A. d. 2499 ; but he acknowledges his mistake in the Additions to the Connaissance 
des Terns, for 1817 j p. S15. 

The Rule as above given is subject to two exceptions : — 

1"^. If the calculation give April 26 for Easter Day, we must take the preceding 
Sunday in April 19. 

2"". If the calculation give April 25 for Easter Day, and at the same time a be greater 
than 10, d - 28, and ^ == 6, we must take April 18 instead. 

This latter exception is due to Clavius' artificial mode of contriving to avoid count- 
ing the same day of the month as the day of the Paschal Full Moon in two different 
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years of the same Cycle of 19 years. The former exception is a real and necessary 
exception. 

The following proof is substantially the same as Gauss' original proof, but is appli- 
cable to any century. 

I. The Easter Full Moon (14th day), for the year whose Golden Number is I., falls 
in the seventeenth century on April 12 ; in the eighteenth and nineteenth centuries on 
April 13 ; and in general, if be the Solar, ) the Lunar, Equation for any century, 

the Easter Full Moon will fall on March (21 + D), when D = ( ^ — —] , in the 

years whose Golden Number is I. 

For every successive year throughout the 19-year Cycle, it will fall either 11 days 
earlier, or 19 days later, than in the foregoing year, according as the Easter of the 
previous year falls in April or March (see Art. 113). Hence, it follows that the Easter 
Full Moon (14th day) never falls before March 21, or later than April 19. 

From what has just been said, it follows that for any year a + 1 of the 19 year Cycle, 

the Easter FuU Moon will fall on March 21 + 2), where D = j ^^ 4- © - :ft^-llar4- 19y ] 

and x-^y = a. Substituting for j-, we have D = j — r- 

Now, by previous results © = <t - 16 - ( — j — ) , where <t = A of this Article. 




\t/ii- 



I A- 4- 1 . 
= /t - y - 7 - ' 




'k_+8' 
2FL 



3 



> 



and .'. 2) 
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Comparing this with Gauss' r/, we see that he omits the consideration of 1 - f — ^^ - j , 




and writes f ^ j =7;, instead of V ^ 

Doubtless, the reason why Gauss omitted the consideration of this quantity, thus regard- 
ing the Lunar Equation as a correction of one day evefy 300 years, is because the differ- 
ence between an allowance of one day in 300 years, and eight days in 2500 years, only 
amounts on an average to one day in "KOO years : whereas the error of the (Jregorian 
Calendar is about one day in 3600 years. But as the Calendar is constituted, we shall 
require the use of the true value of j^ in the year 4200, a. d., by which time the Grego- 
rian Calendar will not yet be one day in error. 

In either case, whether jd be considered, with Gauss, as equal to 




9 

r 



" . I ^ — yjr I ., , /15 + 19 a + A- - or - »/ 

y 1 , or as \ g ^ J , we may wnt« rf = f — ^ — 

and date of Easter Full Moon (14th day) is March (21 + d). 

II. Easter itself falls on the/r«^ Sunday after the 14th day of the Moon; i.e., at 
least one, or at most seven days after. Supposing, then, that Easter falls on March 
(22 + rf + Il)y E will be between and 6 inclusive. It is defined by the condition that 
it must be a Sunday. This condition may be arithmetically stated as follows : 

The interval between March (22 + r/ + E) of the given year, and any other definite 
Sunday, must be a multiple of 7. We must then take some particular Sunday. Gauss 
takes Sunday, March 21, 1700. Let the number of the given year he A\ i the number 
of Leap years, between 1700 (exclusive) and -4 (inclusive, if it be a Leap year) : accord- 
ingly, i is the nimiber of days intercalated in the interval between March 21, 1700, and 
Easter Day of year A, 

Hence, the total nimiber of days from March 21, 1700, to March (22 + rf + -B) of the 
given year, A is 

-1 +(/ + £+ / r 365 (.1 - 1700) : 



but .^u-mo\ 



i--<'n-' 
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Delambre's analysis may be summarised thus : — 



^ + {i\ +1 .^ZB^^"-'^^' 



A 



«• \ ^ /«r 



i= 7 - ^ 



-10\ j^, /<T-16\ fn - 15 -a^ 



where a = 



AliV 
V 3C 

("25") 



P = 22+'^'- 



\ZJ] 

30 Jr 



^^.^n^A 



I, .'7 + L-X 

v = P + 




» 



= 1 day of Maroh. 



Now -^=({9) +1=« + 1- (1) 

a; = 1006 + c /. » = i. (2) 

J = 4</ + c .-. (^ = (/. (3) 



c = 4t + A •■•'71= '"• 






+ 8\ \ / /» - 17 



25 y„ ) ,^,( " V 25 ^.c . ^gj 



10 




■C-^^l- -©.--(■ 



Now »= r^^;.^" )-<r+(^) +i2 + v-^— ^^^-^/ -5 



g - 1 7 



(-1) 



i + 8= 25/+ •. (^-)^=/. (5) 
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11 rt - r 



■)_-».. 



+ 7 ■¥ g 



30 

30 )r \ W 

'53 - £\ /19 rt + 6 - rf - ^ + 16 




30 



Ilence 






. ( - (D. - » — (D. ) 



i = 



_ ,'125 6 + c + i + 13-J + d\ ^ /5 6 + «?+</+» + 13' 

= 7- 



7 



A ■ ' - ( r 1 



f5b + c + d+i + h + 17\ but 6 = 4 «? + c 
" V 7 /r c = 4i + A- 



,'5 »■ + 5 c + A + A* + r 



but 



y h + k + l7 \ 
/5 t + 5 c + A + / + 17N /32 + 2 t + 2 c - A - *\ „ _ 

( 7 )/ ( 7 )r' '"'■ 



[I insert 32, as i and e may = 0, and h + k may = 32]. 
Hence, substituting, 

(y^,-^\ = (32j^i±^l:Lizi)^ . , (8) 

Hence, subject to Delambre's two exceptions 

Easter = 22 + A + / day of March. 
2o3 



^ m = 1. 
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But 1** when c = 24, and Z-X = 6 ) xvi l ^ 

Hence, if m be such a quantity that 

1° when A = 29 

/= 6 

a = anything 
2° when A = 28 

/= 6 

fl>10 
3® In all other cases m = 0, we shall have for day of March 

22 + // + /- 7 w? ; 

or since when 22 + /i + / - 7 w? "^ 31, the month of the year is 3, 

and when 22 + A + / - 7 wj > 31, the month of the year is 4, 

xu X • • -L /92-f 22 + // + /-7;/A /^\ 

month of year is given by ( ^-j 1 = w, \j\ ) 

A A ^ 41. V /92 + 22 + A + /-7«\ - . Mo) 

and day of month by ( :r- 1 + 1 = o + «. ^ 

It remains to find the quantity m. 
Let us assimie it to be of the form 



fa + x.h + y.A 
V 29 ^ + 6 y )^' 



I take this form because it is obvious that this satisfies condition 1° completely. 
Taking condition 2°, we see that 

11 + 28 ^ + 6 y " 29 a? + 6 y, 

i.e.y X " 11. (A) 

Taking condition 3° and supposing as an extreme case that A =: 29, / = 5, a « 18, 
then we must have 

29 a? + 6 y > 18 + 29 a: + 5 y .-. y > 18 (B) 

Again, suppose that A = 28, / = 6, a = 10, we must have 

29 a? + 6 y > 10 + 28 a? + 6 y, .-. a? > 10. (C) 

From (A) and (0) we see that x must = 11, 

y = any nimiber greater than 18. 
= 19, say. 
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overcome. It is not likely that, in the present state of "Western Christondom, all 
Chnrches will ever agree in making this important change. But, were it effected, tho 
determination of the Festival of EastT woidd be most simple, as it would depend solely 
on the Sunday Letter of the year. It is needless to say that this change has been 
strongly advocated by all the best modem wi-iters on the Calendar — Ideler, Delambre, 
De Morgan. John Bemouilli wrote a memoir on the subject to the Senate of Basle in 
1724 (Op. Tom. iv., p. 494), in whieb he strongly recommends the same course. lie 
points out that even if the Calendar gave (as it does not) the most exact- determination of 
the Equinox and the Paschal Full Moon, yet that the universal Church could not keep 
Easier on the mmf day, by reason of the difference of time resulting from the difference 
of longitude (nV/. iiifrn). 

Another advantage of fi:sing Easter would be that the Festival would be alwnya kept 
nearly at the same time at which it firet aetually occurred, and so would be a real anni- 
versary of the great event which it commemorates, whereas it now may, and often does, 
differ from it by five weeks. 

However, such a change now ie obviously impossible. The Roman Church would 
certainly not consent to it, and a schism in Christendom on a question so vitally affecting 
the prat'tieal affairs of ci\-il life would be in the highest degree inconvenient. The pre- 
sent practice is regidated by Rules and Tables, whiob, however ditHeult and troublesome 
to ascertain and calculate at first, are now very easily applied. We have seen that some 
of the German Protestant States, which refused to adopt the Gregorian Correction and 
Rules, proposed to substitute an mtronomkal Easter for that of tho Caleutlnr ; that is to 
Bay, to determine Easter by the true or mean Full Moon, instead of tho moon of the 
19 year Cycle. But this is obviously incompatible with the condition of always keeping 
Easter on the same Sunday all over the world ; on the existing plan tliis Is practically 
scoured. Because, as tho diurnal course of the sun is completed in 24 hours, every 
place on the oiremnference of the earth, where the sun rises and sets will, in the course 
of the same 24 hours (\-vxOhfitpoi') have the sun successively on its meridian, and there- 
fore some portion of the 24 hours assigned to Easter Day will be common to all. But, 
if the moment of conjunction determined by the true or mean moon be used, it must 
inevitably happen that Easter will sometimes be held on different Sundays, even in 
]ilace3 very close to each other. For the time of New Moon will then be determined by 
the moment at which the centres of the earth, the sun, and the true (or mean) moon, 
are in one straight line. Suppose the mcfiit moon fo be used. Suppose also that the 
mean New Moon at London falls at 11 o'clock on Sunday night. In places two hours 
of longitude yiO") eastward of London, it is then 1 o'clock on Monday morning. Ae- 
oordingly, Sunday is the first day of the moon at London, and Monday at those Other 
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plactis. Tlie 14tii (lay of the moon is, at Lonilon, on SiitiirJaj, and Easter Day will 
be tho next. day. At these and other pWes, the I4th moon is as Sunday, and Easter 
Day vrill he on the follo\\'ing Sunday, a week later than tho former. Again, suppose 
the fnie new moon bo taken. In the case just supposed, the same residt wiU happen, of 
a difference of a week in the keeping of Easter, Indeed tho Lunar Tables, whether for 
the mean or true motion of tho nioou, are suffieiently accurate to make it possible that 
an astronomical Easter determined by the mean or true Full Moon should be kept on one 
Sunday in St. Paul's Cathedral, and in Westminster Abbey on the following Sunday j 
for the difference of longitude betweou those two churches being about 7 seconds (St. 
Paul's tlie more eastward), Sunday morning begiuB at St. Paul's about seven seconds 
before it begins at the Abbey. Now, suppose Easter to be determined by the true Full 
Moon, and that on a Satm-day evening at the Abbey the Paschal Full Moon happens at 
four seconds before midnight ; then, at St. Paul's, it will happen throe seconds after 
midnight, on Siiticfni/ morning. The result will bo that at tbo Abbey this Sunday will 
be Easter Day ; while, at St. Paul's, the Paschal Moon falling on this Sunday, the next 
Sunday i^-ill be Easter Day. Hence it is plaiu that per/cct aitronomk-al accuracy in the 
detprmination of Easter is pyac/icaliif impossible j and that if the moon be employed at 
aU in its determination, it must be the moon of a Ci/cle, so arranged, however, as to koep 
OS nearly as possible to the mean and true moons. And such is the principle on which 
the reformed Calendar of Gregory SIII. proceeds; though, from the state of astrono- 
mical knowledge at the time of that reformation, the greatest amount of possible 
accuracy was not attained. 

It can only rarely happen that our Easter Day is a perfect anniversary of the event 
commemorated. The year of the Crucifixion, and, therefore, of the liesurrection 
is still an unsettled point. The ancient authorities genei-ally assign it to a. d. 29, but 
assuming with Ussher that it happened a. d. 33, and that the Crucifixion (which took 
place ou Friday) fell on April ^Ji-d, it follows that tho Resurrection occurred on April 5th. 
Now. this is only one out of t!ie 30 days on which Easter may fall. 

If, with Browne (Ordo Swclorum, p. 55), the Cnioifixion be assigned to a, d. 2J', 
Friday, March 18th, it would follow that the llesurrection took place on March 20th; 
which date has been from I'ery early times outside the Paschal limi ts, and therefore no 
exact anniversary of the Resurrection hos been kept in the Church. 

(1) EpipbomuR tells UGthnt some of Ihe Qunrtudeciinaiis of Cappodocia always kept their Kast«r on the 
25th of March, whatever duy of the week or Lunar month it might be. Bede also infonnii us that tho 
Christiana of Gaul, ia thp time of Pope Ticlur, did the same,— TiVfa Bingham, B. \\., c. v.,S2. 

(2) ClaTius inBista on adhering to the Hebrew mle of celebrating East*r " propter Bacromentum et re- 
cuadita mpteria, {jucc in ejusmodi eelubratione FoseluD resarreetioniB Uominiute includuotur :" luid yet 
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tlie Chriatian Church did not lieaitai^; to deviate from the Jewiah luage, when it laid it down as a fundn- 
mentol rule, that Eaater must be celebrated on a Sumlay, and umrr O/i llio 14(A dai/ qfihe moon, even 
though it might be a Sunday. 

152. The adoption of the Gregorian change of style in England occaBioned to many 
[jersons much uneasiness and distreBB, on account of the Gregorian Easter following so 
often on a day different from the Old Style, or Julian Easter. However, there were some 
years in which both Eastera coincided, and so must have proved a source of much 
consolation to them. Thus, between 1752 and 1800 there were eighteen years in which 
Buoh coinciding took place. I propose now to go a little more into detail resi>ecling 
the relation between the New and Old Easter. 

The condition that there shall be a coincidence between the Julian and Gregorian 
Easter is (of course) that the former shall precede the latter by exactly as many days no 
the number due to the solar equation, phis the ten omitted in 1582, Thus, for the 
interval from 1583 to 1699, as the number of omitted days amounted to ten, if the Old 
and New Easter differed by ten nominal days, then they occurred on (he same actual 
day, e.g., a. u. 1600 the Old Easter fell on March 2:1, Old Style ; that is, on April 2, New 
Style. But the New Easter that year fell on April 2 ; that is, both Easters coincided. 
In the same way, if in any year of the century 1700-1799, the two Easters differed by 
eleven nominal days, they foil on the same actual day ; because the difference of style that 
century amounted to 10 + 1 = 11 days. Thus, in the yeai- 1706 the Old Style Eaater fell 
on March 24, i.e., adding; 11, on April 4, New Style. But the Gregorian Easter fell that 
year on April 4. Consequently both Easters coincided. Similarly, in this present 
century, the difference of stylo being twelve, if in any year the Old and Now Easters be 
separated by twelve nominal days, they fall on the same actual day. For example, in 
1876 the Old Easter falls on April 3, and the New on April 16; and, therefore, being 
twelve nominal days apart, they actually coincide. And so on with respect to other 
succeeding centuries. 

We may now investigate the subject more generally. 

Referring to Articles 137, 142, and using the notation there employed, wo have the 
date of the Gregorian Easter, or 

7r^P + L-\. (1) 

Where P and X are functions of the Gregorian Epact (t), P being the date in March of 

the 15th day of the Paschal Moon, X the Calendar Letter of the 15th day of the moon, 

and L is the nuinber of the Sunday Letter of the given year in the scale 

A B C D E F G. 

1 2 3 4 5 G 7. 
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The above may be found at once by means of Delambre's Table, Art. 14-1, when we 
know the Epacts e and i, and Sunday Letters A and 0. 

Look at Column V. (Letter A), and under t = 4, we find Eaeter Day v, April 16. 
Again, in Column VII. (C), and under t' = 12, we find Easter Day it, April 4. The 
same may, of course, be found by Claviua' Table, Art. 134, 

N.B. — Thf Orcgwlan nni JiiUnn E/iacts wwy both he found by inspection of the Ex- 
/ifimieil Table (Art. 123), when we know the Golden Number of any year. Thus, for the 
year 1876, look for the Centurial Number IS (Indes C). and in the corresponding line 
of Epaots, under Golden Number XV. we find 4 ; look then in the line of Epaeta whoso 
Index is P, which, as we have already seen (Art. 127J, contains the perpetual line of 
Julian Epacts, and we find 12. 

It will be obaerved that for the wlnlf century lROO-1899, the difference between the 
Gregorian and Julian Epacts is 8 ; that is to say. 



153. Reverting to Art. 152, we see that Equation (5) is useful for showing the 
different intervals by which the Gregorian and Julian Eastera (the latter reduced as 
before explained to New Style reckoning) mny be separated from each other for one or 
more cenfiiries, without reference to particular years. In the first place, P - P' = t - t, 
because P and P" denote the ISth of the respective Pasclial Moons, and t and (' denote 
the 14th days of thfse raoous, and the Eiiacts are written ia retrograde order, the larger 
P having the smaller * and i\ v. Again, as the Julian Cycle of Epacte is invariable, 
and any Gregorian Cycle of Epacts continues unchanged for at least a century, i' — i is 
constant as long as t does not change. The change is always in the direction of a 
(liiiiiiiutioii of the GJregorian Epaet. Now, .this difference can ho found at once by 
inspection of the Expanded Table of Epauti. For when wo know the century, we find 
on the same horizontal line with it the corresponding Cycle of Epacts ; and Index P 
gives the invariable line of Julian Epaeta ; and comparing these two lines, we see that 
each Julian Epaet differs from the con'esponding Gregorian by a constant number ; or, 
when the century is given, we can (ivithout the Expanded Table) calculate by 
Equation (2) (Art. 136) the Gregorian Epaet for any year of it, and then, by the known 
law of formation, calculate all the rest for that Cycle. 

Thus, for example, we see by the Expanded Table of Epaots that the Julian Cycle of 
Epacts (Index (P)) v^ceeih the Gregorian line of Epacts for century 16 (Index D) by 7 
units, and exceeds the Gregorian line for centuries 17 aud 18 by 8 units, and so on. The 
same result, of course, follows from the formulte 
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Ex. 3. Find the difEerence in 1625. 
Here|,^2gj, so P - F = ^^ - t - 30 = - 23 (Case 11. ofUis Art.) ^.^l vll 

i -X -6| 

So TT - jt' = - 23 + 6 - 1 - 10 = - 28, 

fihowing that New Easter falls four weeks before the Old. 
Ex. 4. Find the diflEerence in 1603. 

f=18|Z-5X=2|X-A=3 

€' - 25) i' = 2 y = 4) r - V = 5 

P-iy = + 7_30 (Case H.) = - 23, 
and TT - it' = - 23 + 3 - 5 - 10 = - 35, 

showing that New Easter falls five weeks before the Old. 

In the above Examples we have instances of the coinciM>nce of the two Easters and of 
the respective intervals of oncyfonry dkvAficc weeks between them. 

There are examples of each of these four cases also in the interval between 1583 and 
1599; e.g., 1583 (0); 1586 (7); 1587 (28); 1595 (35). 

In the interval between 1583 and 1699, both inclusive, there were 

53 cases of coincidence, 
39 „ one week's interval, 
7 )9 four weeks' „ 
18 „ five „ „ 

For those who adopt the Gregorian reckoning, no true Easter can fall after April 25, 
Now Style. Consequently, during the interval just mentioned, when the difference of 
style was 10 days, every Old Easter that fell after April 15, Old Style, was not a true 
Easter. 

155. The special advantage of Equation (5), Art. 152, is that it enables us, knowing 
only the century^ to find all the possible differences of the two Easters without going 
through the diflEerent years of the century. We may take P - P' = t' - €, provided we 
notice that, on comparing any two lines of Epacts in the Expanded Table, if c" and c be 
any corresponding pair (/. (?., in the same vertical column), «' - € has two different values 
— one positive, the other negative — such that positive value = 30 4 negative value. 
This being presumed, we observe that P - P' and O + 10 are common to the whole 

century, for «' - i remains constant during the century. Also L - L' = I — = — ) 
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(6). But i{ L' - y > L -\, then the two Easters (the New Easter reckoned in New 
Style, the Old Easter in Old Style) will be less than 7 days asunder, and when the 
10 days are added to w\ it will be 7 days in advance of tt : or tt - ir' = - 7. 

f II. If «' - € = - 23, or the Old Paschal Full Moon be 23 days later than the New, 
then : — 

(c). If i - A be > i' - X', the two Easters will be less than 23 days apart, and there- 
fore when the 10 is added, we must have 

ir' — TT = 28. 

(d). 1{L^X< L' -\\ the two Easters are more than 23 days apart, and so when 
10 days are added to Wj we have 



w - w 



35. 



157. Let us now inquire what are the differences between the two Easters for the 
century 1700-1799. 

Here t' - « -8, or -22. 



X^y = (l) = 1 or - 6 

\7jr 



or 



=(-?),-®,— -• 



Now, the condition Z - Z' - X - X' not > 6 or < - 6 gives as possible values of this 
quantity 3, 5, - 4, - 2. 
Hence, 
I. c' — f = 8, 



n. f' - € = - 22, 



7r-7r' = 8-ll+Z-r-X-V 

+ 3 

+ 5 
= -3 _A «0or-7, since tt - tt' = mult. 7. 

-2 

+ 3 

/. 7r-ir' = -33 ;^ ^ = - 28, or - 35. 

-2 

Hence in this century, as in the preceding, the Easters may coincide, or be separated 
by one, four, or five weeks, the Old Easter (reckoned New Style) falling after the New. 

In this century, according to the Gregorians, no Old Easter falling after April 14 
(Old Style) was a true Easter. 
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158. Let us see what are] the differences between the Eosters for the oentuiy 1800 

to 1899. 

« - t = 8 or - 22 10 + © = 12, 

L-L' = (^] =5 or -2, 



=(tI= 



\.X = f^\ = 1 or - 6, or = -^ = 6 or - 1, 



80 Z - r - A - X' = 6, 4, 3, - 1. 

Hence 
I. «' — £ = 8, 



w-ir' = 8-12 + L-L'-X-\' 

+ 6 

=> 4 ! 3 = or - 7 



- 1 
n. .' - t = - 22, 

+ 6 
+ 4 

- 3 

- 1 



»r-ir' = -34 "^ „ =-28or-35. 



The same will be found true for 1900-1999, and for 2000-2099. In 2092, 28 occurs 
for the hut time. In other words, the last occasion on which the Old and New Easter 
win differ by four weeks will be .v. n. 2092. 

In the present century, since © 4 10 = 12, any Old Style Easter falling after 
April 13 is not legitimate. The number of coincidences this century will be 34. There 
was one in 1876 ; the next will be in 1879. 

159. Find the differences of the Easters for the century 2100-2199. 

^^^^ *' - £ = 9, and - 21 : 10 + © = 14, Z - r = ^y) = 

X - X' = (^) = 2 or - 5, or = (^] = .-. i - X' - XTX' = 0, 6, - 2. 
Hence, 

I. +0 

t' - t = 9, .-.IT -ir' = - 5 - 2 = or - 7. 

+ 6 

II. + 

t' - £ = - 21, .-. IT - jt' = - 35 - 2 = - 35. 

+ 6 
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Thus the only values of tt - tt' in this century are 0, - 7, - 35 ; and this will continue 

down to 2436, inclusive. To find value of tt - tt' in 2437, we revert to method of 

Art. 154, and find 

£ = 23 X-X = 

€' = 3 r-V = 6 

.-. TT - 22 + = 22 

tt' = 42 + 6 = 48 (Old Style), u e., adding 10 + = 16, tt' = 64 (New Style). 

Hence tt - tt' = - 42. 

160. The series 0, 7, 35, 42 will continue up to 2698, when occurs for the lad time. 
In other words, the New am Old Easters will coincide for the last time in 2698. 

That year both will fall on April 24, New Style. 

It is easy to show from the General Equation (4) (Art. 152) that century 26 is the 
last in which w - n can = 0. 

In order that the difference between the two Easters (both reckoned in New Style) 
may vanish, it is obviously necessary and sufficient that the Old Easter (ir)', reckoned in 
Old Style, should fall before the New Easter (tt) ; so that when the omitted days (10 + ) 
are added to n (to reduce it to New Style), the diflference ir - n may become 0. 

Taking Equation (4) of Art. 152, we require 

£ - e' - (10 + ©) + p = 0, where p = L-\-[L' - X). 

That this may be possible, we must obviously take the positive values of / - e and (> 
for p is never greater than 6. 

Let us see how the terms e' - £ - (10 i ©) vary in successive centuries. 

From 1700-1799, £' - £ ^ (10 + ©) = - 3. 
„ 1800-2199, „ „ =-4. 

„ 2200-2399, „ „ « - 5. 

„ 2400-2699, „ „ =-6. 

After this the quantity in question becomes less than - 6, and as p cannot be > 6, we 
see that the last year in which w - n can vanish is the year 2699. 

Strictly speaking, 2698 is the last year in which tt - 7r'= 0, for in 2699, p is not equal 
to 6. 

161. The Pkaver Book definition of Easter Day. 

Before the Revision of 1662, no definition of Easter Day was given in the English 
Prayer Book. The definition then added was probably drawn up by Bishop Cosin, one 
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of the Committee of Revision, as it agrees very closely, tliough not exactly, with 
the definition given hy him in his " Private Devotions," published several years 
before (1627). The following are the words of the Prayer Book of 1662 : — "Easter 
D\\ is always the first Sunday after the first FuH Moon which happens next after 
the one and twentieth day of March. And if tlie Pull Moon happens upon a 
Sunday, EaMer Day is the Sunday after," This definition is obviously erroneous, 
because according to it Easter Day could never fall before March 23 ; whereas, accord- 
ing to the perpetual usage of the Church it might fiJl on March 22. And the error ia 
the more remarkable if, as I have just suggested, Bishop Cosin was the author, inas- 
much as in his " Private Devotions " he does not fall into it. In fact, the definition given 
in the sixth edition of that work, published before the Revision of 1662, agrees exactly 
with the definition in our present Prayer Book, which dates from the ycur 1752. The 
Church of England, in common with several of the Continental Protestant Churches, 
refused for a considerable time to adopt the Gregorian reformation of the Calendar, which 
by the Pope's Bull became the law of the Church of Rome in 1582. At length, the 
inconvenience of adhering to the old Church Calendar became so great that an Act of 
Parliament (24 Geo. XL, o. 23) was passed in the year 1751 for regulating the commence- 
ment of the year, and for correcting the Calendar then in use. By this statute the 
definition of Easter Day, as given in the Prayer Book of 1662, was amended ; the old 
method of computing the Easter Pull Moons was abolished ; as also the " Table to find 
Easter for ever," founded thereon. New Tables and Rules, specially prepared under 
the direction of the then Astronomer Royal, Dr. Bradley, were annexed to the statute, 
" for the fixing the true time of the celebration of the Feast of Easter, and the finding 
the times of the Full Moons on which the same depended, so as the same should agree as 
nearly as might be with the Decree of the General Council of Nice, and also with the 
practice of foreign countries." Thus the Gregorian reformation of the Calendar was at 
last adopted in England ; and Tables were constructed and inserted in the Prayer Book, 
for the determination of Easter Day in future ; the chief difference between them and 
the corresponding Gregorian Tables consisting in this, that in the English Tables the 
old Golden Numbers were retained for denoting the Ecclesiastical New Moons, while in 
the Grregorian Tobies a different set of numbers, connected by a certain relation with the 
Golden Numbers, called Epacte, were employed for that purpose. 



162. The definition of Easter in the Statute of G^eo. II. and our present Prayer 
Books is as follows : — 

" Easter Day is always the first Sunday after the Full Moon which happens upon, 
2i 
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or neitt after, the twenty-first day of March ; and if the Full Moon happens upon a 
Sunday, Emti'r Dm/ is the Sunday after." 

The only real objection to this definition — and it is a slight one — is this, that the 
eeoond clauee of it is superfluous, since by the first clause Easter Day must be the Sunday 
afler the Pull Moon. But the late Professor Do Morgan has found fault with it on a 
different ground, in a valuable paper On the Ecclesiastical Cakndiir, oontribut«d by him 
to the " Companion to the British Almanac for 1845," and in several subsequent publi- 
caf ions of his. 



163. I shall state his objection in his own words [Compan. to Almanac, p. 33) : — 

" I, Tlie law which regulates Easter in Great Britain declares that whenever the 
Full Moon on or next after March 21 falls on a Sunday, that Sunday is not Easter 
Sunday, but the neit ; it also prescribes Rules for detormining Easter. 

" 2. In defiance of the precept, though in accordance with the Rules, the Easter 
Sunday of 1845 was on the very day of the Full Moon next following March 21. 

" 3. One part of the reason of this [discrepancy] is that the British Legislature mis- 
understood the definition of Easter used in the [Gregorian] Rules which they adopted, 
thinking that it depended upon the FitH Moon, whereaa it depends upon ihe fourteenth 
day of the moon, the day of the New Moon being counted 03 ike first. Now, Full Moon 
never happens before the Jifteentk day of this reckoning. 

" 4. The other part of the reason of this discrepancy is that the Legislature Buppoeed 
the moon of the Calendar to be the same as the moon of the heavens, which neither is 
nor was intended to be the ease : the moon of the Calendar being made to vary from 
the moon of the heavens not only for convenience of calculation, but also to prevent 
Easter Day from falling on the day of the Jewish Paasover. 

" 5. These two errors very often compensate one another ; for though the fourteenth 
day ifl very often a day behind the Calendar Full Moon, yet the Calendar Moon is also 
very often a day before the real moon, so that the fourteenth day of Calendar Moon is 
frequently the day of the real Full Moon. But thoy [the errors] do not always do so ; 
and it should never be matter of surprise, if Easter fell on the Sunday of the Full Moon, 
whether real or Calendar. 

" 6. It is not correct to say that Easter was made to fall wrongly in 1845 : it fell 
where the legislators, who correctly copied the Rule of the Roman Church, intended it 
should fall, though they did not correctly give [in the definition] the explanation of 
Ihf Rule they intended to use." 
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Now, in reply to all this, it is sufBoient to Bay that there Ib no reason wliatever to 
believe that the expression " Full Moon " in the definition of Easter was intended to denote 
the real Moon of the heavens, or the oatronomioal Mean Moon. Such a confusion would 
betray a total ignorance of the fundamental prinoiples on which the ancient Church 
Calendar was constructed, and which were retained and perpetually iuBist^d on by Clavius 
in his great work on the Gregorian Calendar — such an ignorance oa we can hardly con- 
ceive in the case of Bishop Cosin, one of the most learned rituahsts of the age, and with 
whose definition of Easter Day the definition in the Act of Parliament agrees cerhatim. 
Nor can it be supposed that the framers of the Tables and Rules contained in the Act, 
who evidently studied most carefully the Grregorian Tables, neglected to make themeelvefl 
acquainted with the true definition of Easter itself, the central point of the whole subject, 
and one which Clavius took auoh pains to explain in the passages of his work quoted by 
De Morgan (pp. 17, 18), and in several other places of the same volume. So accurate 
and learned an astronomer as Dr. Bradley was not likely to have fallen into a confuHion 
which, according to De Morgan himself, a little attention to Clavius' words might have 
avoided. Moreover, the Breviary and Missal of the Church of Rome contained a care- 
fully and clearly drawn up chapter on the very subject of the reformed Calendar, and 
speoially of the Festival of East«r. This source of information was easily accessible, and 
would naturally have been consulted by Dr. Bradley and liis fellow labourers. These 
books give the definition of Easter in a fonn which admits of no misconception : — " Ex 
decreto sacri Conoilii Nioeni Pascha, ex quo reliqua Festa mobilia pendent, celebrari 
debet die Dominieo qui proxime succedit xiv. Lutiee primi mensis; is vero apud 
Hebrteoa vooatur primus mensis, cujus xiv. Luna vel cadit in diem Vemi jEquinoctii, 
quod die 21 mensis Martii oontingit, vel propius ipsum sequitur." And, laatlj', there 
seems to be very clear evidence on the face of the Act itself, that no such misconception 
aa De Morgan suppoBOB existed in the minds of the framers of the Act respecting the 
definition of Easter. On the contrary, they very pointedly distinguish between the real 
and Ecdesioitifal (or Calendar) Full Moon. In the explanation of the " Table to find 
Easter from the year 1900 to 2199, inclusive," we read aa follows: — "The Golden 
Numbers in the foregoing Calendar will point out the days of the Paschal Full Moons 
till the year of our Lord 1900 ; at which time, in order that the Ecrkninatkal Full Jifofnin 
may fall nearly on the same days with the real Fiill Moons, the Golden Numbers must 
be removed to different days of the Calendar, &c." De Morgan himself could hardly 
distingiiiah more expressly between the real and Ecclmanlkal Full Moon. 

Now, what was intended by the expression " Ecclesiastical Full Moon" in the above 
explanation ? Beyond nil doubt, the fourteenth day of the Calendar or Ecclesiastical 
Moon, reckoned from the day of the New Moon inclusive, these New Moons themselves 
2i2 
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being denoted by the Golden Numbers. This was the well-known and received usage 
of Church writers when speaking of Easter. The following are the words of one of the 
highest modem authorities on the subject (Ideler, Hnmlbiirh drr Chronohijie, ii., 198). 
After explaining the Calendar New Moons and the Golden Numbers, he adds, " From 
the New Moons we must now further derive the FiiU Moons. Everywhere in the 
treatises on the Festival of Eaater in the works of the Church writers we find the expres- 
sion TfuaaptrtKaiZiKcern (riiUpa tSc "eA>'n"Je)i or Luna derima giinr/a, used to denote the day 
of the Full Moon." And he accounts for it thus: — "The real Full Moon happens 
on the average about fifteen days after conjunction; but the ancient Greeks, who made 
use of the actual Lunar Months, reckoned the age of the moon not as we do, from its 
conj'unetion with the sun, but from the time of its thin crescent becoming visible in the 
evening sky, from which time they began their Lunar mouth. Now, since from this first 
phase to the Full Moon, thirteen days usually elapsed, the first calculators of Easter, in 
order to arrive from the new to the full light of the moon, coimted thirteen, or, including 
the day of the New Monn (Noiy/iijvi'a), fourteen days forwards." When the GreefeB 
subsequently made use of the moon of the 19-year cycle, instead of the actual moon, 
to determine Easter Day, they retained the old usage of the fourteenth day to denote 
the cyclic Full Moon, as it had originally denoted the real Full Moon {ili. i., 262j. 
Hence it was that, in the defiaition of Easter in Bishop Cosin's " Devotions," and in the 
Prayer Book of 1662, the phrase " FuU Moon" was used, not to denote the real Full 
Moon, but the Ecclesiastical Full Moon — in other words, the fourteenth day of the Calen- 
dar, or Cyclic Moon. A striking and instructive instance of this usage occurs in the 
remarkably able paper by Lord Macclesfield, published in the 46th Vol, of the Philos. 
TranRact., pp. 417, sq., the year (1750) before the Act of Parliament in question was 
passed. In this paper the writer strongly advocates the adoption of the Gregorian 
reformation in England, Comparing the old and new Calendars, he saya that the 
Church of England and the Church of Rome stUl agree in this, that both of them mark 
(the former by the Golden Numbers, the latter by the Epacts corresponding to thc-m) 
the days on which their Eixlenimlkal New Moons are supposed to happen ; and that in 
both alike \hs fourieenfb day of the moon, inclusive, or that FtiH Moon which falls upon 
or next after the 21st of March, is the Paacha! limit or [Piisc/mf) F>i/l Moon ; and the 
Sunday next following that Full Moon is by both celebrated as East«r Day. It can 
hardly be doubted that Dr. Bradley was acquainted with this paper ; and, if so, he could 
hardly have fallen into the confusion with which De Morgan charges him, a confusion so 
carefully guarded against by Lord Macclesfield. 

There seems, then, to be no valid reason for, but many against, supposing, with De 
Morgan, that the use of the expression " Full Moon " in the present Prayer Book 
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definition of Eaeter Day was a mistake arising from a misapprehension on the part of 
the framera of the statute of Geo. II., respecting the way in which the moon wn« 
employed to determine that Festival. They oorreotfid the definition of Easter as they 
found it in the Prayer Book of 1663, so far as it really needed correotion. They 
left the expression " Full Moon " unchanged, because it was, in the immemorial usage 
of the Church, the reoogniaed mode of denoting the fourteenth day of the Ca/em/tn- 
Moon. They have guarded against any misapprehension of their meaning by expressly 
distinguishing between the Ec/csiaslical Full Moons and the real Full Moons. The 
Tables which they give for finding Easter Day — both the temporary and the general 
Tables — all are strictly in accordance with the above sense of the Paschal Pull Moon, 
as denoting the fourteenth day reckoned from the Paschal New Moon inclusive ; while 
the said Tables are inconsistent with the definition, if "Full Moon" he interpreted 
as De Morgan does. He persuaded himself that he detected a paradox, which seems to 
have no existence but in his own ingenious mind. 

On the other hand, it is equally certain that the definition has been misunderstood in 
the way contended for by De Morgan. In the year 1818 the real Full Moon happened 
on Sunday, March 22, and that day was kept a^ Easter Day. Much discussion arose 
on the subject, and many protests were made against what was thought to be a direct 
contradiction of the second clause of the Prayer Book definition, viz., "if the Full 
Moon happens upon a Sunday, Easter Day is the Sunday after." It was, of course, 
supposed that the " Full Moon " of the definition denoted the real Full Moon. No 
explanation of the seeming contradiction was then given. But the difficulty at once 
disappears when it is remembered that the " Full Moon " is ml the actual Full Motm, 
but the fourteenth day of the Calendar moon, which that year fell on March 21, Satur- 
day ; so that Easter Day was rightly kept on the next day, the 22nd. Similarly, in tlie 
year 1845 the real Pull Moon fell on March 23, and yet the Tables directed that Easter 
i?hould be kept on that day ; and rightly, because the fourteenth day of the Calendar 
moon fell on Saturday, the 22Qd, whereas had " Pull Moon" meant the actual moon, 
Easter should, in accordance with the second clause of the definition, have been kept on 
the 30th. It was on this occasion that De Morgan wrote the paper already referred to, 
in which he charged the authors of the definition with the confusion which really 
belonged to those who did not understand the technical language of the Church Calendar. 

However, as the definition was then misunderstood, and may be so again, it seems 
desirable that an explanatory note should be appended to it, to the following effect : — 

Note. — Thai the moon referred to in th is Rvk is not the actual moon of the hea rem, but the 
moon oftlte Ecclesiastical Caletular, tchich is to de taken as full on ik fourteenth lUi'j, the day 
of the Eeelesiattioal New Moon being counted as the first day of the moon. 
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164. It may be further remarkod here, that this difference between the Astronomical 
and Calendar moon exoit«d much attention in Germany in the year 1724. The 
Protestant states in Germany refused to adopt the Gregorian Calendar, partly because 
it emanated from Rome, and they objected to the maiidamm of the Papal Bull ; and 
portly because the new Calendar did not agree acctirately with the actual phenomena. 

llence, in Germany, the Old Julian Calendar continued in use along with the 
Gregorian, and a diversity of usage between the two religious parties necesBarily arose 
in reference to the moveable Festivale. The great inconveniences which ar>jse induced 
the Evangelical states, in the year 1699, to adopt a third Calendar, different from both 
the others. They so far agreed with the Gregorian as to adopt the correction in regard 
to the Equinox, dropping eleven days in the year 1700, and passing at once from 
February 18th to March Ist. But in the determination of Easter and the other 
moveable Festivals they substituted astronomical calculations for the Calendar Cycle. 
And as their conmion Easter Meridian, they fixed on that of Uraneburg, the place 
■where Tycho Brahe had his Observatory. For some time this astronomical calculation 
of Easter agreed with the date given by the Gregorian Calendar. But at last, in 1724, 
a difference arose, the Festival falling on 16th of April according to the latter, while the 
former assigned the 9th as the day. Very serious disturbances ensued between the 
Protestants and the Itoraan Catholics. It was upon this occasion that Bemouilli wrote 
the memoir before alluded to (Art. 150). In 1744 a similar diversity occurred, and the 
Diet had to interfere to settle the dispute. At last, in 1788, when tlie difference again 
took place, the Calendar of 1699 was given up by the Corjms Emnijalkorum, and it waa 
decided that Kaster should be henceforth observed according to (he Rules of the 
Gregorian Calendar. 



165. Tlie Thirly-Jire Ecck^iastiral Cnlendcrx. 

Easter Day may fall (as we have seen) on 35 differetit days, viz., from March 22 
to April 25, both inclusive. All the other moveable Festivals depending on it will of 
course have the same range of incidence. If, then, there were constructed for each of 
those 35 years a Calendar, or Almanac, exhibiting the moveable Festivab and other 
Holidays which occur tliroughout the course of the Church year, we should have a 
oomplete set of Eoolesinstical Calendars, representing all the possible varieties that can 
occur in the Church year. And for any given year, whether in Old Style or Nev, we 
should, by means of a suitable Index, be able to find the Church Calendar belonging to 
tbot year. This work has been done by several writers on the Ecclesiastical Calendar. 
The 35 Calendars are found very completely and elaborately sot fortli in Gavantus' well- 
known work (Thesaurus Sacr. Rit., edit. Merati, Vc-u., 1792), also in tli" purlior editions 




THE CALENDAR. 



of " L'Art de Verifier les Dates." Recently these 35 Calendars have been published in 
a more acceseible and otherwise more oouvenient form — in France, by Francteur, and in 
England by Professor de Morgan. They are both, the latter especially, very useful 
manuals. I shall content myself with a short general description of these Almanacs, 
with special reference to De Morgan's work. 

Number \ of the 35 Almanacs exhibits the days on which all the moveable and 
other Festivals fall in any year in which Easter Day occurs on March 22. Almanac 2 
does the same for any year in which Eaat«r Day falls on the next earliest day, 
March 23. Similarly, Almanac 3 relates to every year in which Eaater Day falls on 
March 24. And bo on to Almanac 35, which is to be used whenever Eaater Day falls 
on April 25 (the latest day). The Sitndni/it in any particular year depend on the 
Dominioal Letter ; and Etuli-r Sundai/ requires further for its determination the Golden 
Number, or the Epaot, of the year. Now, we know that in the Julian unreformed 
Calendar, the G.N. of a year in which Eaater falls on March 22 must be XVI. (Art. 62), 
and in the Gregorian Calendar the Epactof such a year must be 23 (Art. 134). Hence, 
in any year Old Siyk that has for G. N. XVI. and Dom. Lett. D, or in any year 
New Style that has for its Epact 23 and Dom. Lett. D, Easter Day will fall on 
March 22, and Almanac 1 will be the Almanac for that year. Again, in any year Old 
Style that has G.N. XVI. or V.. with Dom. Lett. E (Art. 02), or any year New Style 
that has Epact 23 or 22 (Art. 134), with Dom. Lett. E, Easter Day will tall on 
March 23 ; and, accordingly, Almanac 2 will be the Almanac for that year. Similarly, 
in any year Old Style which has for its Golden Number either XVI., V. or XIII.. and 
Dominical Letter G, or in any year New Style which has for Epact 23, 22, 21, or 20, and 
Dom. Lett. G. Easter Day will fall on March 25, afld Almanac 4 will be its Almanoc ; 
and so on to the end of the 35 Alniauaos, Neither Franccour nor De Morgan makes 
use of the Golden Numbers; but instead of them they employ the corresponding 
Dionyaian Epacts (Art. 113), which are related, as we have seen, to the Golden Numbers 
in the following manner : — 

Golden Number, i., n., iii., it., v., ti., vh,, viii,, tx., x., ii., xn xm iir \y ivi «vn xvm 
Di<myi. Epact jS j H 22 3 14 25 S 17 28 S 20 1 12 23 * IS 28 7 IB 



Thus, for example, in Almanac 5, the Now Style Epaots are 23, 22, 21, 20, 19, with 
Dom. Lett. A; while the Old Style Epaots are 15, 14, 12, 11, which, according to the 
Bories jiist given, correspond respectively to the G. Nos. XVT., V., XIII., II. 

In making use of these Almanacs for Leap years, the following Itule must be 
observed : " When a year is Bissextile, in place of the months of January and February 
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of the Almanao corresponding to that year, we must take these two monllis from the 
nest following Almanao, adding a 29th day to February." The reason is that a 
Biasestile year has two Dom. Letters, in the inverse order ; of which the second is to be 
used from lat March to the end of the year, while the Jird serves for January and 
February. And as the 35 Almanacs proceed in the direct order of the Calendar Letters 
from D (March 22) onwards, it follows that the first of the two Dom. Letters of any 
Bissextile year is the same as the Dom. Letter of the nest Almanac : e. g., the Dom. 
Letters of a. d. 232 are A, G-. The Almanao (as we shall presently show) eorresponding 
to that year is 4 ; the Letter of which is G, because Easter Day in that Almanao falls on 
March 25, whose Calendar Letter is G. The Letter of Almanac 5 is A, which ts the 
same as the first of the two Bissextile Letters in question. 



166. As a specimen of those 35 Almanacs, I give below the first four months of 
Almanacs 1 and 9. 

In Almanac 1, the heading " Old Style ( - _ j D 1" is the Index mark of the Table, 

and expreeses that in the unreformed Calendar Easter Day fell on the 22nd of March, for 
any year a. d. prior to 1583, whenever the Golden Number XVI,, or the Dionysian 
Epact 15, concurred with the Sunday Letter D ; and that the corresponding Almanac is 
Almanac 1. Similarly, the heading "New Style (23) D 1" is the Imlex mark for all 
years subsequent to 1582, denoting that, in the Gregorian Calendar, Easter Day falls on 
the 22nd of March, on all years whose Gregorian Epact is 23 and Sunday Letter D. 
As we have before seen, these ore the only combinations in the Old and New Styles, 
respectively, that will give Easter Day on the 22nd of March, 

In Almanac 9, which is constructed for Easter Day falling on March 30th (8 days 

/'xin., iL, X., xvin.A 



later than March 22nd), the Index mark " Old Style 



12, 11, 9, 



E9" 



denotes that in the unreformed Julian Calendar Easter Day fell on March 30th in all 
years when any of the four Golden Nos. XIIL, IL, X., XVllL, or the corresponding 
Dionysian Epacts 12, 11, 9, 7, concurred with Sunday Letter E. And the Index mai^ 
" New Style (21, 20, 19, 18, 17, 16, 15,) E 9" similarly denotes that in the Gregorian 
Calendar Easter Day falls on March 30th whenever any one of the seven Gregorian 
Epacts 21, 20, 19, 18, 17, 16, 15, conours with the Sunday Letter E. The "Index" 
referred to will be given and explained presently. 
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167. I now proceed to explain the construction of the Index Tables, of which there 
are two — one for Old Style, and one for New Style. First, the Old Style Index Table. 

We know (Art. 113) that Dionysius Exiguus took as the Epoch or starting point of 
the Cycle of the G. Nos. the year b. c. 1, so that a. d. 1 was the second year of the 
Cyde. Hence, the G. N. of a. d. 1 was II., and the Dionysian Epact 11 ; we also 
know (Art. 29) that the Sunday Letter of a. d. 1 was B. 

Further, when we know the day of March or April on which Easter falls, it is 
obvious that we find the corresponding number of the Almanac by subtracting 21 from 
the day in March, and adding 10 to the day in April, because Almanac 1 corresponds to 
March 22 ; Almanac 2, to March 23 ; Almanac 11 (= 10 + 1), to April 1, and so on. 

Hence, having found by means of Table (Art. 62) the Sunday Letter and G. N. or 
Nos. corresponding to any of the 35 Easter Days, we find the corresponding Almanac in 
the first column of that Table. For the Golden Number, the corresponding Dionysian 
Epact can be at once substituted by means of the series, Art. 165. 
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In the same way the Table may be oontiDued as far ae a. d. 532. It need not be 
continued farther than that year, because the period of 532 years is the Victorian, or 
Glreat PaBohal Period, of which I have already spoken (Art. 65) ; at the end of which 
the Gtolden Numbers and Dom. Letters occur in exactly the same order and mutual 
relation as before ; each year of the seoond, third, &c., period having the same Golden 
Number and Dom. Letter aa the 532'' year before it. Hence, the Table for the first 532 
years a. d. will apply to any number of subsequent periods. We have only to attend 
to the following simple Eule ; — 

" To get the Alm anac for any year a. d. which is be^ofid the Table, subtract 532 
h^m it aa often as may be necessary in order to come into the Table." For example, 
BuppoHe we desire to know the Almanac corresponding to a. d. 560, we have 5(50 - 532 
= 28 ; the Almanac of which year (28) is 7. Suppose, again, we want to know the 
Almanac of the year 1582, we have 1582 - 1064 (= 2 x 532) = 518, the Almanac of 
which year the Table shows to be 25 ; and, in general, if j^ be any year a. d. higher than 

532, the formula is [ ^^ ] ; the Almanac corresponding to the remainder after this 

division will be also the Almanac corresponding to a. d. x : e.g., let x be 3085; 

I I = 425, the Almanac of which year is 29. 

If the given year whose Almanac is required be a Leap-year, it must be remembered, 
as already shown (Art. 165), that the Abnanac found by the Table applies only to the 
ten months from March to December. For January and February of that year we 
must take the January and February of the next jblloiring Almanac. 

The mode of using the above Table is obvious. Suppose, for example, we require 
the Almanac for a. d. 66, Inspection of the Table shows that the Almanac is 9 ; Dom. 
Letter, E ; G-olden Number, X. ; Epact, 9. Almanac 9 gives Easter Day, March 30, 
with all the other Moveable and Immoveable Festivals, and any other remarkable days 
that may be set forth in it. The same Table will serve for any other year which has 
the same Dom. Letter, and the same Golden Number X., or Epact 9; and moreover, it 
will serve for any year whose Golden Number is XIH., IL, or XYTII. ; whose Epact 
is 12, 11, or 7. Similarly, we 6nd for a. d. 72: Almanac, 1 ; Dom. Letter, ED; Gulden 
Number, XVI. ; Epact, 15. As this was Leap-year, we must look for January and 
February in the following Almanac, No. 2. 



168. We come next to tte Index Table for the Gregorian Calendar, or New Style. 
This Index is constructed by means of the Gregorian Paschal Table given above (Art. 
134). The "Almanac" column shows the number of the Almanac corresponding to 



THE CALENDAR. 253 

eaoh of the 35 possible dates of Easter, which are given in the fourth column. The 
(^ Epact " column shows the different Epacts corresponding to each of the seven Dom. 
Letters ; one of which Epacts must concur with the corresponding Letter in order that 
Easter Day may fall on one of the 35 days. 

Now, we know that after the reformation of the Calendar in October, 1582, the Epact 
of that year was 26 (Art. 123), and the Sunday letter C (Art. 91). Looking at the 
Table in Art. 134, we see that Letter C, Epact 26, corresponds to Almanac 28. But 
thai Almanac will apply only to the remainder of the year after the change took place. For 
the next year the Epact was 7, and Dom. Letter B ; consequently, we find by the Table, 
Art. 134, that Easter Day fell on April 10, and that the Almanac was No. 20. Pro- 
ceeding in this way, the Index Table may be constructed for any number of years 
after 1582. Francoeur has carried it as far as a. d. 2200 ; and De Morgan as far as 
A. D. 2000. 

The following is a specimen of this Lidex Table, beginning with 1583 : — 
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The use of thia Table ia obvious. For example, to find the Almanac for lo9S, we 
look for that year, and find Almanao 1, Dom. Lett. D, Epact 23. The Almanac gives, 
as before, Easter on March 22nd, the earliest possible day. Again, for 1666, we see the 
Almanac is 35, Dom. Lett. C, Epaot 24. The Almanac gives Easter on April 25th, the 
latest possible day. 

In continuing this Table, wo cannot, as in the case of the Old Style Index, make use 
of the Victorian Paschal Period of 532 years, because it holds only for the unreformed 
Julian Calendar. The omission of the 10 days in 1582, together with the subsequent 
Solar and Lunar Equations, interrupts the order of that Period, 

Supposing, however, that the above Table has been calculated (as it has been by 
Franccour) up to a. d. 2200, we may extend it 90 years further by rpplating the year 
1609 by 2201, 1610 by 2202, and so on ; 1699 by 2291 ; in other words, by continually 
adding 592. The reason is this, that during those 90 years the Dom. Letters and 
Epaots are the same in the second series as in the first, nor is it difficult to see why. 
In the Gregorian Calendar the Dom. Letters reproduce themselves in the same exact 
order at the end of every 400 years (Art. 95). The remaining 192 years include the 
centuries 2100 and 2200, in each' of which one Leap-year is dropped. Now, in 192 
Common years there are 48 Leap-years, which, diminished by 2, become 46. Consequently, 
the number of regressions is 192 + 46 = 238, whioh divided by 7 leaves no remainder. 
Hence, at the end of those 592 years, the Sunday Letters recur in the same order ae 
before. Again, in those 592 years, the Solar and Lunar Equations reduce the Epacts 

by 3. But in 592 years there are 31 Cycles of Epacts + 3, as [-Tq-l = 3; and these three 

being omitted, as just said, the Epacta also will recur in the same order. Accordingly, 
the Dom. Letters and Epacts of the years from 2201 to 2291 will be the same as those 
from 1609 to 1699. This does not hold good beyond 1699, because in 1700 a Leap- 
year is dropped, and the Epact and Dom. Letter of 1700 become 10 and C, respectively ; 
whereas those of 2292 are 9 and CB. 



169. The 35 Almanacs are practically useless ; for, having found Easter Day (Old or 
New Style) by any of the previous methods, for any year, we can at once, by means of 
the Prayer Book " Table of the Moveable Feasts, accoi-ding to the several days that 
Easter can possibly fall upon," determine all the Moveable Feasts in that year. 

170. To CONSTRUtT THE CALEND.iB PRACTICXLLY FOR ANY PROPOaBD TeaR, OlD 

OR New Style. 

The two necessary elements are the Dominical Letter and the Golden Number (Old 
Style), or the Dominical Letter and the Epact (New Style). 
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The Dominical Letter (Old Style) is found either by the Tables (Arts. 29, 30), or by 
the formula (Art. 32). That for New Style ia found by the Table (Art. 95), or by the 
formula (Art. 92). 

The Golden Number for both Styles is found by the same formula (Art. 56). 

The Gregorian Epact is found from the Golden Number, either by the Expanded 
Table of Epacts (Art. 123) or by the formula (Art. 135), 

The Dominical Letter gives the name of the initial day of the year, and consequently 
the names of all the other days, which are to be written opposite the consecutive days of 
the month. 

The Immoveable Festivals are to be written opposite the fixed days of the month to 
which they respectively belong. 

Eaater Dai/ (Old Style) is determined either by the Tables (Arte. 61, 62), or by the 
formula (Art. 64). 

Easier Day (New Style) is found either by the Tables (Arts. 106, &o., and 132) or 
by the Formula (Art, 137). If the Golden Nimibers are used instead of the Epacts (as 
in our Prayer Book), Eaater is found either by the temporary Tables, or by the general 
Eules in the Prayer Book. 

The Moveable Festivals are determined from Eaater by means of the Prayer Book 
definitions. 



171. I will conclude by noticing briefly 

The Defects of the Gregorian' Calendak. 

1. The framers of this Calendar made the Tropical year too long by about 
27 seconds (Art.. 78). 

2. The suppression of three Bissextiles every 400 years will require a new correction 
of a day in about 4000 years. On the other hand, if the more exact length of the year 
were adopted, and a corresjionding suppression of one day every 128 years took place, 
the uniformity of Bissextile intercalation would be interrupted, and convenienoe would 
be sacrificed to greater exactness (Arts. 78, 81). 

3. The Lunar Equation of 8 days in 2500 years is not exact. It would be more in 
accordance with the true length of the synodic month to suppress 5 days in 11 centuries 
(" L'Art de Verifier les Dates," Dissert. Prelim., § 20). 

4. The Calendar New Moons do not agree with either the real or mean New Moons : 
they differ sometimes by as much as three days (Art. 55) . But Clavius has shown that a 
Cyclical moon is necessary ; and such a moon cannot agree with the real or mean moon, 
even setting aside the objertion that was felt to celebrate Easter on the same day with 
the Jews. 



APPENDIX 
ON THE PASCHAL CONTEOVERSY. 



TTAVING explained in Aii. 41 the conditiona upon which the determiniition of EastprDay now 
-LL depends, it mtiy be uaeful to review in some detail the history of the famous " Easter Con- 
troversy " ('). 

From the very earliest times the Chriations began to hold ureeklj/ commemorationa of the two 
t^eat events in the life of Christ — His Crucifixion and His Resurrection. There are several 
distinct traces in the New Testament writings of a weekly memorial of the Resurrection. And 
in the second century the observance of the Lord's Day, or Sunday, was universal throughout 
the Church. Again, at the close of this century, wo learn from TertuUian, in the West, and 
Clr'mens Alezandrinus in the East, that the so-called Dies Stationum, that is to say, Wednesday 
and Friday, were observed every week ; the former, as other ancient writers tell us, in memory of 
the day of Christ's betrayal to the Sanhedrim ; the latter in memory of His CrucifixioD('). 

The transition from the weekly to tho yearltf commemoration of the days of Christ's Death 
and Resurrection was easy and natural. Of all the weeks of the year, that one must have specially 
aroused feelings of devotion and grateful joy, when the recurrence of the Passover season (*) brought 
with it the anniversaries of the Death and Resurrection of Jesus. It is not improbable that the 



;>) Tbc firat fonoa iu mudirti timea ntho entered mi- 
nutsly into this queaLion n-ss Oatriel Baniel, ft learned 
Fr«Dcb Jfiuit, in his dusorUtion on the Quarto-d»oi- 
muis (1T24). Nearly at the tame time, but indepon- 
dentlyof him,Cir, He«maiin, a tierman Profeaanr, wrote 
a Programme on the same subject. Thete vere followed 
by Chancellor Moabeim {di ret. CMitt. anit Contl,, pp. 
43S, tgq-), whose result! were generally acoepled until 
within ■ recentdate, when the Paschal queslioii was re- 
opened ID connexion with the Bationaliitic critician of 
the Oo«pela in Gernjany. The special pnrposo So view 
WW to deny the genuinencia of St, John's Go<peL 

(1) Bingham. Book ii., ch. 2 ; ixi,, ch, 3 ; Guericlce. 
Anhaologie. k 23. 



(>] " We have every reason to presume that the Rule 
for the obNrvanee of Enater by the piimo-primitive 
Church, at least in Judea and the neighbouring parts of 
the East, wiu altogether the lame with the Rule DhBerved 
by the Jews in tho celebration of llieir Faaaover, before 
and at the Paaasion. A desire On the part of the Jeva 
to separate themselves, as widely SB possible, from the 
Nazarenes or Chrisliaiu, might induce them to alter 
iH Uilfi, the rule fur its observance hundod down from 
their forefathers. Thoro ia no proof of any such change 
in the lifetime of St. Paul or St. Peter. But it may 
have taken place after the destruction of JerusalcD)." — 
Gresweliiv., p. 950. 
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joint celebration of those two intimntely associated events took place annually, even during llie 
lifetime of the Apostles tliemaelTes('). St. John and St. Paul, referring to the Jewish PasBorer, 
speak of Christ as the true Paschal Lamb (John, six. 36 ; Rev. v. 6 ; 1 Cor. v. 7). St. Paul, in 
the Epistle to the Eomans (iv. 25), combines both events as integral parta of the aame great 
transaction ) and in his First Epistle to the Corinthians (xv. 20) he again associateB them as 
antetypes of the Jewish Passover and Wave-sheaf ('). Similarly, the early Fathers, Justin Martyr, 
TertuUian, Irenceus, Clement of Alexandria, Apollinarius, Hippolytue, speak of Christ's death as 
the fulfilment of the type of the Jewish Passover ('). So that, although there is no express mention of 
these anniversaries (or, indeed, of any anniversaries) in the writings of the Apostolic Fathers, it 
may be concluded, with a high degree of certainty, that from the first they were observed in the 
Church. The Paschal controversy which arose in the middle of the second century fumishcc 
clear proof that they must have been even then of long standing. It is true, aa ilosheim (') and 
others have observed, that the early Christian writers generally apply the term Fateha, when 
used by them of the Christian Paschal anniversary, to the Death-day of Christ, without any ex- 
press intimation that they included a reference to the associated day of the ItoBurrection('). But 
it would be rash to conclude from the silence of the earlier writers on this point that the term 
Pascha, in its Christian sense, hod no such inclusive meaning in their age ; and that the anniver- 
sary Festival of the Resurrection (which all admit was then celebrated) was at first observed, not 
as part of the Paaihal solemnities, but solely in connexion with the Pentecostal period of fifty 
days, of which it was tho first ('), That there was from very early times a well-recognised 
connexion between the anniversaries of the Death and Resurrection of Christ seema, as I have 



(') The Jevisb Chriatiana, at least, moat probably ooii- 
tinued from tlie Bnt tbe FusUTor feitiTal, only \rith a 
CbHslian application. 

(*) iirapx'l -r^' iticfin^inrr (1 Cor. xv. 20) is Ut 
obviouB alliuion to atrapx') toD Bipiir/iou (LXX) in Lev, 
iitii. 10. Clem. Alex, (in a fragment of bia work de 
Ptucbatc) DXprcBsly rei^n to tbe Cbriitian anatuguea of 
tbflPawoscrand'WttVe-sbeaf; irflroyflf Si if li" 4 SuTJip 
Tlfiaiy, avrli &r tb fiiiTxii - - - >ii^i in lUiotbor fragment, 
i*ifL^pTvpt7 Si Koi fj aydffraffis' Tp •yoUif Tpirj/ A^timf 

nalri Spiy)in in>tiaa€Tt7Tii rfoatrt-iKiXii tJ^ I(p«'ii(Frag. 
ii., 1017). 

(') See tbe paaiagus quoted in Greawell's Diwaita- 
tioni. vol. iii., p. 163-0 ; Browne, Ord. Ssc, p. 65. 

(') Vid. Moih. A rtb. Chritt., p. 437. SteiW, Straj 
Encyciop., Act. Psacbs. 

(') Tho older wrilera, areribing to tbe word Fattha 
tbe lame meanuig as our nard Eiuttr, wbicb it autnally 
bora in tbe fourth centurj, tiave underetood by it tbe 
feMivnl of the BeaartoclioQ ; and bonce have repre- 



sented the queation railed about it in tbe aecood 000(1117 
to be tbia : whether tbe Christians ought to Mlebrate 
tbe Rtturrteiion day on tbe same diy as tbe Jews held 
their Paaubal Fuast, i.t., on 14th of Misan, whatever 
day of tbe weeli thia might fall upoa ; or, inamuucb u 
Christ QBdeaUbly roae on Sunday, tbe annirenafy of 
tbii day should be atricUj limited to Sunday. This 11 
Bingbam'sriewivirf. Bwiku.,ob. 6, j2: vtrf. Walahe. 
i., 667-B. 

(*) TMs is maintained by Steiti in two able article* 
in tbe Stud, vtul Kril, 1866 and 1857, and alio in the 
AH. Fatsha, Berzog't EMyclopidie. The tme Itale of 
the case scema to be that the Eeimrection day was not 
regarded as belonging to either tbe PuGbal or Fenl«- 
coatal period ex.clusively, but aa having lelationi vitb 
both. Indeed, the latter relation i* implied in tbe re- 
ference (above noticed) to tho Wave-eheaf, by St. Paul 
ondCleoi. Aim. TbeoSeringof the sheaf waiptut of 
tbe completfl Pascbal Festival ; and it was alio inli' 
mntely related to Pentocoat. 
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iilready noticed, to be necCBsarily implied in the account which we have of the first Paschal 
controversy. The very closeness of the conneiion between these two events, of which the one 
waa the necessary supplement of the others, was, probably, one reason why the early writers did 
not exproBsly mention their being component parts of the same annual solemnity. Another reason, 
no douht, was the mistake made by the enrlior writers referred to of regarding the word n-oo-x" 
aa ctymologically related to pa»tio{'); whence would naturally arise their special application of the 
former word to the anniversary of the Death-day. During the course of the third century the word 
gradually came to be used in a wider application, and seems to have been indifferently used of 
tho Passion and Resurrection-day. In the early part of the fourth century, and subsequently, we 
Hnd it applied almost exclusively in connexion with the latter day. The transition period was 
marked by the distinction made, in fact, if net in express words, between vdir}(a aTavpui<Tt[iov and 
rrnrr)(a liveurratriftov. 

No point in Gospel history has been more disputed than the question whether our Lord's Last 
Supper took place at the same time as the Jewish Paschal Foast, viz., on the evening of tho I4th 
of Niaan, after the Faschal Lamb was sacrificed, or whether it took place on the evening ol the 
1 3th ; in other worda, whether His death took place on the 1 5th, the day of holy Convocation, or on 
the 14th, the Jewish Passover day. The difficulty, as is well known, arises from the apparently 
conflicting statements of the Synoptic Evangelists on the one hand, and St. John on the other. 
If we had only the first throe Gospels, we should certainly conclude that our Lord's Last Supper 
waa identical in time and character with tho Jewish Paschal Feast ; and, consequently, that His 
Crucifixion took place on tho 15th of Nisan, and His Eesurroction on the 17th. Whereap, if we 
had St. John's Gospel alone, we should as certainly gather from it that our Lord's Supper must 
have taken place the night before the Passover day, viz., the 13th; that His Crucifixion took place 
Dn tho day when tho Paschal Lamb was slain (Hth) ; that He lay in the grave on the 15th(whic;h 
waa an " high day," i. «., a double Sabbath, because of the coincidence of tho weekly Sabbath 
withthcday of holy Convocation); and that the Sunday of the Hcsurrection was the 16th ('). It is 
needless to say that numerous attempts have been made to reconcile these discrepancies, and har- 
monize the Gospel narratives (*). But as yet no perfectly satisfactory solution has been given ; and, 
perhaps, from our want of some necessary data, it may be impossible. 

The early Christians were all agreed in keeping their annual commemoration of Christ's 
Death and Resurrection as nearly as possible at the season of the year at which they actually 
iMWurred, that is, at the time of the Jewish Passover. But a certain diversity of practice seems 
to have prevailed from the very first. There was no dispute among them as to tho day of our 
Lord's Crucifixion having token place on the Hth of Nisan, the day on which the Paschal Lamb 



(>} Augustine, vho adopted tbe true mf aning {hiBa- 
tit, tranutua), rcjocUtbeold interpreUlion jumid. (/» 
Jon., Tract, ir., Ep. SE, t 1.) 

{') There is no dispute as to the aui-inj ol Chriet'i 
death. All itie Gospel nurstiTei agree in fixing it oi 



great queatJon is u to ibc mmli'daj, whether the 14(h 
or IStb; mdiftbe Hlh, then we muatfindayearinvbicb 
the nth fell on Friday, miuh u *. d. 29. Brown/, Ordo 
Sncl., pp. T and Si. 
('} Soma of them nuy be aeea in Smith's Sielienary 



Frid«y, tbe day befora the Juwiah veeklj Sabbalh. The a/ llu BUU, Art Patioftr. Bravnu, Ordo Sael., p. Be. 
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waa slain. The Btatementa of St. Jolm, the tradition o£ the Primitive Church, the typical con- 
nexion between the Paschal Lamb and the Lamb of God, all conspire to leave no doubt in their 
minds on this head. But starting from this common point, a divergence in practice soon arose, il 
it did not exist from the beginniDg. It concerned mainly these two questions : — Firstly, on what 
day should the commemoration of Christ's Death, and, consequently, that of His ResurrectioD, be 
held? Secondly, the proper mode of observing the solemn Fast ('). 

I. With respect to the former, the Roman and other Western Churches, and most of the 
Eastern, laying most stress on the toefk-day, always held their anniversary commemorations on 
the same daya of the week on which Christ died and rose again ; namely, on Friday and Sunday ; 
adhering, at the same time, as closely aa they could to the time of the Jewish Passover ; or, in 
other words, te the week in which the 1 4th day of the moon of the first Jewish month took place. 
It is generally thought that the early Christians, both in the East and West, made use of the 
Jewish Paschal Cycle of 84 years for the purpose of finding the Crucifixion -day, or the correspond- 
ing Resurrection -day. See Bingham, Book xz., ch. v., s. 4, ^Tienever, for example, the 14th 
of Nisan fell on a Friday, they agreed with the Asiatics in oommemoroting the Crucifixion on the 
nth, and the Resurrection-day on the 16th ('). But if the 14th fell on any other day of the week, 
they deferred the commemoration of the Crucifixion to the following Friday ('), and, of course, 
that of the Resurrection- day to the following Sunday. It may be observed here that the Roman 
Church from the first seema to have regarded the due celebration of the Resurrection Sundag as 
of prime importance, and to have considered the rest of the Great Week as subordinate to it. 

The Christians of Asia Uinor, with (according to Athanasius) those of Syria and Mesopotamia. 
laid, on the other hand, the chief stress on the month-d&y on which Christ died ; and, accordingly, 
always commemorated the day of His Death on the 14th of Nisan, whatever week -day it happened 
to fall upon, whether Friday or not. They pleaded the authority of St. Jolm and St. Philip in 
Bupport of their custom ; while the Westerns claimed that of St, Peter and St. Paul in defence 
of theirs. 

So far all is clear and unquestioned respecting the first point of difference. But it is not cer- 
tain, in the first place, whether thoao Asiatic Christians commemorated the Besurrcction on the 
third day after the Crucifixion (16th of Nisan), whatever day of the week the latter might fall 
on ; ».$., on Friday, if the 14th fall on Wednesday : or whether, like the Westerns, they waited 



<') On Ibis Fut, eee Bingbain, B. zxL, ch. i. DifFer- 
fucea respecting its duration began very early: IrcDnus 
njt e!i tur tip' ^itSv yfyiii'via (bc. J iroiKiAfa), iAAi «al 
wtxi xfirtpov M t£v wpi i/nir. Ap- Eiueb., lib. v., 

(') There was no objectioa felt bj the flrtt Christistis 
tn limping their Paacbal aolemuitj oo the eime dnj aa 
Ibe Jewa k^pt tbetr Pauover. This acruple, vbich bas 
been lbs aamesQurcoaf no amsll difficult; tu thefVamers 
of tbe Churcb Calendar, vaa of l«t«i origin. 



(') Thi Paachal Cbrooicle of Hippoljtcu (a. D. 22U| 
prescribes that if tbe Utb fall on a Friday, then Ibe 
haaaion -day must be commemorated OQ tbat day; olb«t- 
wise,' on tbe Friday next after the Mtb. Tbll would, 
obrioualy. aometimea occasion the diSerenoe of an en- 
tiro wBck in the commemoration of the Cructflxion. 
and also of tbe Besorrection. Wben tbe Htb fell on 
Saturday, the Asiatica kept their commemoratioc i>f 
Cbriit'a death ou that day, whoreoa the Weatenu (t«- 
ferred tbeira to tbe following Friday. 
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for the Sunday next after the 14th. The former ia the gcnerallj- received opinion ['). The 
determination of this question mainly depends on the interpretation of the well-known poaeage in 
EuBebiua (E. H., t. 23), which, though embarraBsed with some diffioultios, suems very atrongly 
in favour of the first view (*). 

II. We come now to the second point at issue between the Christians of Asia Minor und the 
"Westerns, namoiy, that connected with the Fast of the Groat Week. 

The ground of tliis difference was the different view taken of the tone of feeling suitable to 
the day of Christ's death. The Westerns regarded the day as exclusively one of gloom and 
mourning. They regarded it solely under its hittorieal asipect, putting themaelves into the same 
attitude of profound sorrow in which His bereaved followers were on the day of the Crucifiiioc. 
The Asiatica, on the other hand, looked at the day from its dogmalie side also, as the day of the 
redemption of the human race ; and, therefore, it waa to them not wholly a day of mourning, but 
also of rejoicing. The hours of that day which preceded His death were spent in mourning and 
fasting ; but from the moment when the Divine Victim expired, and tlie atouing sacrifiee was 
complete, all was changed — sorrow wan turned into joy, mourning gave place to exultation. 
Accordingly, they ended their Fast at the hour when Christ gave up the ghost, 3 p,m, (the 
ninth hour) ; and then commenced their Paschal Feast (*). The Westerns, on the contxary, 
regarding the Crucifixion day as wholly one of mourning, continued their Fast throughout the 
entire of that day and the following day, in which Christ lay in the grave, and did not end it 
until the morning of the Resurrection, when they celebrated their Paschal Feast. In each case 
the Feast included the hitirvov KvpioKov, and, in very early times, the accompanying ayatrij (•). 



(') There i> ;et a third view, differing trom both the 
above ; DBtnely, thit the Aaiatica did not obsorve an an- 
nivtrtury festivHl of lie Beau rrecl ion at all, conlonting 
themwivea with tho tcr/kly conimoni oration, every Sun- 
day. Oieacler mainlalna tbii vieir, Kirthirtj/ticAichli , 
i., p. 241. He is followed by SteilE, Slud. midKrii., 

('} The puauge referred to ii this : — litnloi Si) icai 
auynporiiirt'i itiaiiiwsir M rairbv tylram, rdirrts ti 
fii? yvA/tjl di' /irnTToXcSr /itjtAijiriairnici* i6yiia toTs way- 
Taxi<ri iiiTinroSrro, ill Sffiiy!' if ltA\p irori rgi Kupiaafij 

Kupfdu fivrrrApiDf, leal 3ii»I in Tairp fiirp rar kbtA t^ 
wiax^ i-PIffTti(S>' •piiKaair<itif9a rii twAitfii. K by the 
words Ti rfli . . . /tuVTliiiior ii lo be undenitood the 
ReiurroMion itself, then it follows that this event was 
by some commemorated on a day different from Bnnday. 
To eioape this oondusion, JFiiUil (die Cbristl. Paua- 
feier) tikea livariipiBw to mean Saerammt, and maintaino 
that what the Bisbops meant waa, that the Itesurreation 
Cammunian ihould be celebrated on no other dny than 



Sunday ; whilst the Aaiatica conunem orated the event 
(aa the Weetema did) on Sunday, but held the Commu- 
oion on the I6th. 

{*) In the statement just made I have fulluwed the 
view now tuually held. But it must be confeued that 
it Tcita mainly on what I can hardly help believing lo 
be a ralaa interpretation of the word (ari near the be- 
ginning of the passage of Euaebiug, lib. v., ch. S3, jta 
generally inUirprcted, the words itari rairiir are ex- 
plained as meaning that the Asiatic Church broke off the 
Fast oil the 14(h day of Nisan. But the true meaning 
acema to be Ihb, that, as the Asiatics kept the 14th 
day, on whatever day of the week it might fall, ao they 
also broke oS the Faat at the time loirrtpaHJimg lo 
(itaTi) the Uth; that is to say, probably, on the 
morning of tho ISth, whun they celebrated Ihe 
Festival of the Reiurrettion, See Miyer. Echlbtit 
d<aEvang.,n, Johan., «. 304. 

{'}}iofiieim{diret.Chrut. rtflt(CiiiiJ(.,p.443}B»ys thai 
theWeatema celebrated their Faichal Feast on the night 
of Saturday, and nol on the morning of Sunduy. The 
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Another disputed point, but one of secondary importance, rospecting tho Faat, is this, — 
whether the Asiatics entirely ended their Fast at 3 p.m. on the 14th, or merely interrupted 
it, rcBuming it again as soon as their Paschal Feast was concluded, and continuing it until the 
liesurrcctiou Feast began. The words o£ Eusebius, v, 23 — rns m/cmiav ijrt\v€a6ai, ras rSnr 
injoTtiSiy inX-vatu — seem clearly to imply a total end, and to bo inapplicable to a mero 
interruption. Mosheim indeed (1. e., p. 441) endeaTours to prove from a passage of Epiphanius 
[Hter. lax., § 11) that the Andiari, a sect of Asiatic Quarto-deeimanB, again fasted after their 
Paschal Feaat. But even admitting that they did so, it would not be legitimate to infer from 
it the general practice of the Asiatics. But the truth is, that the passage of Epiphanius, when 
properly interpreted, does not yield the sense which Mosheim tries to elicit from it. 

From their custom of commemorating the Death-day of Christ on the 14th of Niaan, 
the Minor Asiatic Christians were designated Quarlodfeimant. Until a very recent period it 
was usual with Church historians to consider that all Qnartodecimans belonged to the same 
party, and held the same religious tenets. But receat investigations seem to have clearly proved 
that there were at least two very distinct bodies to whom the ancients applied this term — one, 
the Asiatic Christians of whom I have been speaking, who belonged to the Catholic Church, and 
stood on Christian, not on Jewish ground : the other party belonged to the Judaizing sect of 
the EbioniUt. Both parties agreed in keeping the same day as the Jews, 14th Nisan; 
but they differed essentially both as to the reason for keeping that day, and the mode of 
observing it. The Ebionite party maintained the abiding obligation of the Old Testament ritual 
for Christiana, and, accordingly, the necessity of eating the Paschal Lamb, like the Jews, on 
the 14th. The orthodox Quartodecimans, on the other hand, held that the old Paschal 
Festival was abolished, the death of Christ on the Cross having done away with the type that 
prefigured it; and, therefore, they commemorated, not the Passover, but the death of Christ, 
Both parties appealed to the Gospels, The Ebionites asserted that Christ Himself had on 
the t4th of Nisan eaten the Paschal Lamb, and was not crucified until the I5th; and that 
all Christians were bound to follow His example. The orthodox Quartodecimans, on the 
contrary, held that Christ did not eat the Paschal Lamb the year He suffered, but was crucified 
ou the I4th, before the hour when the Jewish Paschal Feast began; and, accordingly, that 
the 14th was the anniversary, not of the Paschal Feast, but of His death ('). 

The first recorded occasion on which the difference between the orthodox parties respecting 
the Paschal question came to a formal discussion was about the middle of the second century 
(i. n. 158), when Polycarp, Bishop of Smyrna, visited Rome, in the Popedom of Anicetus. They 
separated amioably, each party adhering to its own custom, and continuing to hold communion 
with the other. About forty years later (a. n. 198), the controversy was renewed, in a much 



puiBge which he quotas in proof from Epiph&nius di 
anX suitUD his infereoce. And. beaidei. ftll tbfleviden 
i* the other way. Sue Binghuu, B. ui., ch. 1, } 32 



('] In the above iceount of the natnra of the o 
Puchal Oontroren; I hftve chiefly followed Hefel 

CBneilitngttthiehti, vol. i., p. 286, t;. 
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more bitter epirit by Victor, Bishop of Rome, against Polycratea, Bialtop of Ephesus. Several 
Councils were held in tho East and Weet, and decided in favonr of Rome. The Aaiatica, 
however, refused to give up their traditional usage. Polycratea wrote to Victor, pleading the 
authority of the two Apostles, St. John and St. Philip, and of other high names, but in vain. 
Victor excommunicated the Asiatica, and tried to procure a like condemnation of them from 
other Churches. In this, however, he did not aucceed. Through the interference and mediation 
of several Bishopa, especially Irenasua (*) peace was at last restored, and the AsiaticB continued 
to observe their ancient usage until tlie time of the Nioene Council. The differences just 
described, which properly constituted the subject- matter of the celebrated "Paschal Con- 
troversy," turned, as we have said, mainly on two points : First, as to whether, in the 
commemoration of the Paschal solemnities the week-day (Friday), or the month-day (14th 
Nisan) should be preferred, in case they did not coincide; and, in connexion with this, whether 
the Resurrection -day ought to be commemorated on any day but Sunday ; and. secondly, whether 
it was lawful to break off, or interrupt, the Fast of the Great Week before the Resurrection- 
day. 

In the course of the third century a new element of disagreement was introduced by the 
different Paschal canons which then appeared. It is generally agreed that the first Christians, 
both in the Eust and West, made use of the old Jewish Lunar Cycle of eighty-four years in order 
to determine the time of the Paschal anniversaries ('), according to which Cycle the Passorer was 
regulated by the first Full Moon {i.e., the fourteenth day after the appearance (') of the New 



W I 



Df Aeii 






jouUi litul persoaall; kuowa Polycsrp. Connected, 
then, na be vai with ibe Eatt bdJ Weet, in his early 
life a Quu^odeiiman, and in hia own Church of LyoDB 
a fallover of Ibe Roman usage, bo was epccially Sited 
to play tho part of a medialor and poacemaker, 

C) Jdtltr (L, 670 ; ii., 243) attonglj eipre«Be« bis 
opinion that up to tho timo of the Captivity, and even 
lung after, the lews delerniincd the New Moon (includ. 
ing of coune the Pascbat) by diiect otitrratlon, with, 
out any Qied astrocomicol rules. Rieeioli (Chroil. 
Reform. B. i,, c. 1!) gives BtroDg reasons for believing 
that this continued dovn to the time immediately 
preceding the Christian era. Epipbaniua, however 
(UiEi. fil, c. 26j, ipeoka of an eighty- four- year Cycle, 
by means of which tbe Jews, at the time of Christ, 
detennined the Paeiover day. It is unmistakable that 
there is no trace of such a Cycle in the Talmud, or in 
■ny Eabbioical writer. However, Cyril of Alexandria 
alio mentiona (in hia Prologua Paaehalia) that the Latin 
Chnrcb made use of an eighty- four-year Cycle before 
their adoption of tho Pasebal caaon of Ilippolytus. 



This Cycle was probably made use of by some of the 
Jewiah seels, and from tbem adopted by the Qoarto- 
ddciman Christians of the East. How and when it 
cane into uae in the West we have no information. 
But it aeeme dear that tbe early Roman Church regu- 
lated their Easter by it for a considerable time; until 
it waa temporarily diiplaeed by the Easier canon of 
Hippolytus, in the third century. How long 
Hippolytus' caaon continued in use at Rome we do not 
know. But there ia no doubt that at the beginning 
of Ibe fourth century an eighty -four-year Cycle was 
again employed there (^tdehr, ii., 258). 

[■] Tbe Mosaic definltioa of the time of celebrating 
thePaaaoverfasgircninEx.iii. 2,6; Lev.iaiii.G; Num. 
Mviii. 16) is thii :— " the Uth day of tho first month, 
at evening (or between the two evenings"). We need 
not eater on the much debated qucstioo as lo wbelber 
the Jewish year at that timo was Solar or Lunar. 
Caaber contends for the former, and Petariua is inclined 
lo follow him. Most modem aQthorities maintain the 
latter. However this may be, the " Firtt nenlk " 
(called ■' Abib" inEi. xiii. 4, but ohanged to " I^itiu" 
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Moon] which fell aft«r the Vernal Equinox ('). The Chriatians continued to employ this Jewish 
Cycle for about a century ; when, partly because of some supposed errors in it, but, no doubt, 
cliiefly in order to render thomselvea independent, in a matter of Bucb importance, of the aid of 
those whom they despised and hated, they set about framing Lunar Cycles for themBelves. The 
earliest of such Cycles now extant is that drawn by Hippolytus, Bishop of Portus, at the mouth 
i>f the Tiber (*). Its dat« is *. t>. 220 ; and it is a most important record of the practice of the 
Western Church, especially that of Rome, in the early part of the third century. It was » 
■ixtccn years' Cycle (litKaiSiitaenjpU) ; in other words, he supposed that the New Uoons fell on the 
it.ime days of the month at the cnil of every sixteen years, and on tho samo days of the week and 
month at the end of every 112 years; and he further assumed that the Equinox took place on 
March 18. The oldest extant Greek Paschal canon is that of Dionysius of Alexandria, published 
in a Festal Epistle (cire. 250). It is lost, and wo know nothing more about it than what 
Kuscbias tells us (lib. \n., c. 20), viz., that it was calculated by an eight-year Cycle (oKraenjpls) ('). 
.ind that it particularly specified that the Paschal Feast should not be kept until after the Vernal 
Equinox, which with him was March 21. Soon after {cire. 277), Anatollus, Bishop of Laodicea. 
an Alexandrian, whom Eusehius (vii. 32) describes as a great geometer and astronomer, and 
otherwise the most learned man of the age, made use of the famous Metonic Cycle of nineteen 
years (rvi'eaitaiSiKamjpU) in constructing his Paschal canon, taking for the Eiguinox the 
19th of March. He proveil from several ancient Jewish writers thtntBclTes that the Passover 



by tha Utar Je»«, «Lo borrowed the nuae from the 
AaxjrisnB and Babylooian*), vas tlint month the four- 
leunCh day of whose Moon fell cither ox Ibe daj of tbe 
Vernal Equinox, or on the nearest day after it [Clavius, 
p. aH). It is impurtant lo oliaerve that the fourtepnth 
dujr of the moon wan reckontd, nut from conjunction, 
but from the first apjitaranet (pharis) aftlic New Hood, 
which in fine cUmates like that of Palottine would 
luuiUy take ptace about eighteen hours aher conjuno- 
tian. and juit after aunsoC : and aa the Syandle month is 
ibnut 20' 12'' long, the fourteenth day reckoned in this 
way would very nearly coincide wilh the actual Full 
Moon. Pcnona were appointed bj the Sanhedrim to 
vatch tha first appiiaran'-o of the New Mods, each 
miinth ; and when it wan Eeon, public proclamation waa 
raado by the proper authoritiej that tbe month had com- 
luenced. A limiLircusluni prevailed, as we have already 
seen, among (ha ancielil Rumana, according to Uacrobiua 
(i. 15). The ancient Greeks, also, whose year waa 
I.unar, reckoned in tho aamo way. The first day of the 
month ivouiL-nfia) was no( the day nf conjunction, hut 
the day on the evening of which the New Moon was 
Gr^t 'iaible. 



(0 Bingham, B. zz., eh. v., i 4. Ideler, CArMCJ.. 
ii., 228. The rule obaerved by the Jews of the founh 
century seems to have been directly the reverse of that 
foUowed by tbe earlier Jews : (.he latter invariably 
celebrated tbeir Poasover a/ler tbe Vomal Equinox (strf, 
Greawell, J)iu., toI. i., pp. 316-318, 32T-329J: Ibe 
former before it [ii., vol. Jv., pp. 643 and 660). 

C) Ct'i. Bunivn, Qippuljtus i.,p. 240. This cuion 
of HippolytuB (mentioned by Euaebiiis, E. H., lib. vi.. 
ch. 22] waa no doubt baaed on the eight-year Cycle used 
long before bj the Greek aatronumers, a descriptiDD ol 
wtuuh is given by Gemiaus (ri<j. Idtltr, i. 294). Re- 
specting tbia caaun of Kippolytus. full iDformalioD wiU 
be found in Idtltr, ii., 213, tgq., and in the older works 
to which be refera. 

Recently, an ingeoioug argument baa been drawn 
from ibis canon by Or. Salmoo, wilh the view of prov- 
ing that HippolytUB was tbe author of the Liberian 
Catalogue, which occupies an important place in the 
question of the succession of the first Biahops of Rome, 
Vid. Uannatheaa, No. i., p, 82, iqf. 

(>) Co tlia Octactaria of DiouyMiu, *i*^ Browike, 
p. Ml. 
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should noTcr be kept before the Yeraal Equinox, and therefore that their Cycle was crroneoua ('), 
Anatolius' Cycle and canon were adopted at Alexandria, with this important alteration, that the 
Equinox woB afisigncd to tho 2lBt of Uarch. rrom all this it happened that, at the beginning of 
the fourth century, the uncertainty and difference respecting the time of celebrating Easter (') 
were even greater than before. Some disregarded the Equinox altogether, and celebrated 
Eaater before or after it indifferently. And to say nothiBg of other minor cases, we find the two 
greatest Churches of Christcudom, Komo and Alexandria, calciilating Easter on different methods. 
The Alexandrian Cycle of nineteen years, with the Equinox on March 21, must necoBsarily often 
give a result differing from the Roman (Hippolytan) Cycle of sixteen years, with the Equinox on 
the 18th of March. For example, when in any year the fourteenth of the moon foil on the 
19th of March, the Romans (and those who reckoned with them) considered it to be the Paschal 
moon, and held their Easter Festival accordingly, whilst, according to the Alexandrian reckoning, 
the Equinox had not yet arrived ; and therefore they did not keep their Easter Festival until the 
fourteenth of the following moon, that is to say, a month later than the Westerns. 

These many and great differences respecting the Easter Festival gave rise, especially in 
countries adjacent to each other, to much perplexity and many collisions, and exposed the Chris- 
tians to the scorn and derision of the heathen (Epiphon., Har,, Ixx,, 14). In the West, the 
first Council of Aries (314) attempted to bring about uniformity in this matter, and to assimilate 
the different usages to the Roman, by decreeing in its first canon, " ut Paacha Dominicum uno 
die et uno tempore per omnem orbem a nobis obscrvetur " (Masi, torn, ii., p. 47 1 ). This decree 
failed to produce the desired effect. And, accordingly, tho Council of Nice (325), at the instance 
of the Emperor Constantine, took the matter in hand. We have no detailed account of tho de- 
liberations of the Council on this subject, nor is there any allusion made to it in the existing 
twenty canons of the Council ('). Our only information respecting it is derived partly from the 
Encyclical Epistle addressed by the Council to the Churches of Alexandria, Libya, and the Pen- 
tapolisC), partly from a circular letter written by Constantino himself to the Bishops, who did not 



(') The piaugo in tbe Q>n4tilvtu>nei Apeitoliea is 
aUilucgl; coincidcDt with Anatoliue' cannn, and nukcii 
it highly probnble Uint it vu wtitten niier tbe canon 
Greswell, Dissert, iv., p. G39. 

C) " Poscba " st this time undoubtedly denoted the 
Ecaarrection Festival, and it ice ms eqniUy certain that 
the fourteenth day of the mooa was now, by tbe great 
majority of ChrisdaDS, in the East as well as in the 
West, coDsidered chiefly, if not solely, in conneiion 
with the Eeiurrcction Day; and not, as originally, in 
connexion with the Fasaion Day. When this took 
place, or by whit steps it was effected, does not appear. 
It is certain that, stibBoqucnt to the Council of Nice, 
Eastvr Day was regulated by this fourteenth day: and 



10 completely was all reference to Ibe Passion Daj 
given up, that if the Equinox and also the fourteenth of 
the moon fell on a Saturday, the follawingday was kept 
Bs Easter Day. 

(') Almost all the acta of tbe Niceno Council, ex<:«pt 
those relating to the Arion cootroveny, are involved in 
much obscurity. Even the very date of tbe meeting of 
the Cuuni.-il has been diSerently given by ttie early his- 
torians. Tbe numbvr of the canons which are extant in 
the original Greek and in the contemporary Latin ver- 
sioiu is twenty. Vid. Routh, Script. Eccles. Optuc., pp. 
354-367 : and cf. Oreswoll, Diaeeit., iv., 074. 

(') Soeralc; Hist. Eccles., Ub. 1., a. 9. Thmbril 
Hist. Eccl., lib. i., c. 9. 
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attend the Coimcil ('). Tho Council says, in the Epistle referred to, ' ' "We also senj you good 
news of the unanimity respecting the most holy Pascha, that this matter has been settled by 
means of your prayers. So that all the brethren in the East, who hitherto celebrated it at the 
same time with the Jews, will in future conform to the Romans and to us, and to all who have 
kept the Paachn with U3."('3 It is important to remark that the Council does not, either here or 
elsewhere, lay down any explicit rule for determining Easter. It merely saya, in general terms, 
that henceforth tho Eastern Churches should conform to the practice of the Romans and of the 
other Churches which agreed with them. They obvioiialy meant to confirm the rule then moKt 
generally prevalent, namely, that the Eesurrection Day should (in opposition t« tho Quart*- 
itecimanB) always be kept on Sunday ; that the fourteenth day of the Paschal moon should follow 
the Equinox ; and that Easter Sunday should /oWow the fourteenth day of the moon C). That this 
latter point was especially intended to bo insisted on by the Council seems to be proTed from the 
Letter o! Constantine above referred to, in which he states that the Council, besides unanimously 
ileereeing that Easter should everywhere be kept on the tame day, also resolved that in eelebnit- 
ing tho most holy Feast, it was a thing wholly unworthy of the Christians to follow the usage uf 
the Jews ; — /ijjfiJv Imut i;/iiv koivoi- fixrarov i}(6iaTou rik- 'louSaiiuv o)(kov. Accordingly, if the four- 
teenth of the Paschal moon happened to fall on Sunday, Easter Day was not kept till the Sunday 
after, in order to avoid a coincidence with the Jewish Passover (*). 

It has been generally maintained by Roman Catholic, and acquiesced in by many Protestant, 
writers, that the Council of Kicaea did lay down some express rules for the determination of 
Easter; in fact, that it propounded the actual rules which were in use in the Church tor that 
purpose down to the Gregorian reformation of the Calendar in 1582 {'). The authority chiefly 



(') Euteiiia. Vit, Cooitont., i 
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f) CoiiBlanIiiie,in hit letter, enumerales Italy, AfticA, 
Xfffpt, Spain, Gaul, Briuin, Libya, Greece, Asia, 
ronlus, snd Cilicia. 

(') InadecrelnlEpiitlBtiltributed toPoperius [fire, 
t. D. 159) it ia laid down, in oppontioD lo the Quarto- 
decimani, that Euler ahould be Icspt only on Sunday. 
And Tope Tiitor (a. d. IBS), in hit Epiatic ta Theophi- 
1u8, Biihop of Cnaarea, further declares that Euter 
Sunday muat follow Ihe fourteenth day of the fint 
niontb ; t. e., the month the fourteenth day of whose 
moon falls bvtwecn thv Slit of March and the 18th of 
April, both inctuHtve. And the same was confirmed in 
tho East by the autborily of Ihe Council of Casareo. 
Vid. Clariu,, cap. i„ 16. 

(■] Theredoea not appearto havo been any luch acrupla 
in eajlier times respecting an agreement with the Jews 
in tliii mattw. At all erents, it did not extend la tha 



dayofonr Lord's Crucifixion. For the Paschal Chrooicle 
of Hippolytua Portuensis preicribes. that if the four- 
teenth day of the moon fall on a Friday, then the Pass- 
over must be celebratiid that day (tbe day of the Jeirlsh 
Paaaover) ; othcrwiaa, on the Friday neil after th» 
foarteeath. 

Greuirell (Duurt., ir. 6TS) luggeiU what aeemt a 
more probtble reoaon for the rule, that if the ronrteenllv 
of Ihe DioDQ fell on Sunday, Eastor should not b« cele- 
brated till the following Sunday ; namely, that in inch 
a case the commemoration of the raaaiou l^ay must be 
deferred till tho following Friday, because tbe Fan 
could not be kept on Sunday, it being peculiar to Ihn 
MenicbKon heretica to faet on Sunday. 

{') Boman Catholios naturally desire to claim tor the 
Easter rulea, ao long observed in the Church, the auth<>- 
rity of tbe mo«t famous of all the ancient Councils. 
Protestants, also, regarding the Nicene Coimcil al 
onteoedent to the usertioD of papal supmiwcy, are 
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relied on in support of this opinion is that of St. Ambrose, Archbiahop of Milan, who, in a letter 
written about aJKty years after the Council{'), states that the Nic en e Council, asBistedby a cumber 
ot personB skilled in astronomical cakulntionB, decreed that Easter should bo celebrated after the 
fourteenth moon of the firrt month ; and that this fourteenth moon should be determined by the 
Lunar Cycle of nineteen years. In support of this statement the testimonies of Cyril and 
I'roterius, Bishops of AJexandria in the midiUe of tlie fifth contitry, ore appealed to (*), and 
especially that of Diouysius Exiguus, the famous author of the Vulgar Era, in two Epistles 
written by him, a. d. 525 and 526 (•), It seems hard to disbelieve such positive testimony as to 



gl&d to rprer to tbat Coimcil the establiitimGnl oT the 
nilcs which they ttemiwl*™ continued to obaerre. The 
belter infoniied Ramna Catholic writen conteat them- 
■elvM with Bipng that the Nicene Cooacil only ren- 
Jtmui the pmctire alreodv prevailing in the Roman 
knd most other Churches. Thue, CVariM (rap, i., p. 60) 
writai: — " Etxi autem verba illn Nicieni Coacilii ti- 
prcsje non exptioant quo die Paacha celebranduin ilt, 
sod solum cum Jiidms non eue obaervandum inclicure 
videimtur, non obacurf tamen ci his intelligi poi«st 
consuetuiUnom RomauK Eccleriie, sanctiancmque Pit ac 
Victoris ■ . . conflriGBtam ease at<)ue renoTatam." In 
another paaaagc (cap, v., } 10] Ctaviui eipresil^ atatei 
that tbi reason why so many disputes continued to ariae 
between the Greeks and Latins conceralng the proper 
time of keeping Eaater, even afior the Nicone Council, 
WkB this, that the Xiconc Fathers had not enjoined tho 
iu« of any particutar Cycle, which (he whole Church 
ahonid fallow, but conuniHed the task of determining 
this point to Eusebius and the AlciandrianB. It must, 
howerer, bo admitted that Gaviiu doea oot seem quite 
consistent with himself in this matter, hooaiue in a later 
i.hapter (li., } S) he asserts that " the Cycle of the (iol- 
Jen Numbera was arranged by the Fathers of the Nicong 
Council," Ho probably meant only that it waa after- 
waidi done, in accoidanco with their gmtral direetioni. 
(') Amirot. Oper. il., 8B0, Epiat. 23. ad Episo. per 
-Gmil. const. : " Non mediocris case aapionliro diem celc- 
britatia deSnire Foachalia, at Si;riptura divina nos in- 
ttituil, et crudilio majomm, qui convenientea ad 8yno. 
dum NicDinam . . . oongregatis peritiaainii calculaudi, 
decern et noTOm aonorum colligere ntionem, et quasi 
quendam constituere oirculum, ei quo elempluro in an- 
iioarsliquoagigiierelur. l]unCcirculum^rr(aSH«rnpfRa 
nuncupanint, ■ . Duoauirm RititobaennndB in solenni- 
tate raachn, quortadecinia Luoa et piiuua mensis. . . 



iocipit nutem mcnsii, nan secundum vulgarem nium aed 
secundum consnctudinomperitorum, ab .ll^quinoctin, qui 
dies est xii. Kal. April, {March 21) ; et flnitur li. KaL 
Maii" (April 21). Professor de Morgan (Companion to 
the Almanac, 1846, p. 7) mistakes in supposing thai 
ClaviUH represents Ambrose aa staling that the Cycle 
waa arranged for the purpose by Euscbiua of Csaarcn, 
The statement about EuseUiia is not Ambrose's at all, 
bat merely Clarius' own inference from Ambroae'a 
words " coDgregatis perilissimis calculandi," rhich 
Clacius thought were intended lo apply to Eiisebius and 
the Ateiandiiaa astronomers. This inference Clavius 
goes on lo enpport by the eiprcsa teitimony of fiede 
(de Tempor, Rat. c. fi) ; " Deccnnoveanalis drruli onli- 
nem primus Eusobiua ad quart asdecinuts Lunaa Festi 
Paochalij, ipsumque diem Paschnj invenicndmn, ctnn- 
posuit," Beds seema to have followed Jerome, who 
erroneously asserts (de Scriptor. Ecclca,, txi,; Oper.,iT., 
pars ii.) that Eusebius was the author of the nineteen- 
yoar Cycle. 

('] Cyril's words, in an Epistle written lu the Council 
of Carthage, a., d. 133. are ^ " Seruteminique diligontis- 
stme, qua ordinavit Synodus Niawta, Luiiaa xjv. om- 
niam atinorum per Decemnovennalcm Cyclum," 

Troterius (t. D. 4S3) writes. " Beatissimi Patrc! noa- 
tri, Cyclum DecemnOTennem certiua afflgenlca quam 
violari impossibile est, Tvlut crvpidinem ac Cuiidamcn- 
tum et rcgulom bunc eundt-m DccemDovcnnalcm coiu- 
putum Btatuerunt." 

(') OionjaiuB Exiguua, in his two Epistles, written 
A. D, 52A and S2S, aa preliminary or supplemental lo 
his Faachal Cycle, aays " Paschalii Festi ralionem ex- 
pticare curavimus, aequenlcs per omnia Tcnrrabilixm 
et octodociro PontiScum qui apud Kiream 



lonvenerunt, el 



n hujua abaolulam leramque 



: qui quartasdecimas Luuas Pascbnlia obse: 
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thf fatt of tbe Council having propounded some pretiae rules on the eubjecta of EoBter. Bat, 
on the other hand, we are met vrith the diffleulties ariaing from tbe total sUence of tbe extant 
records of tbe Council respecting any such rules, joined to the equally perplexing fact that for 
many years after the date of the Council, differences continued to exist, and violent disaenaionB 
disturbed the peace of tbe Church, on the very subject of the observance of Easter, which the 
great tEoumenical Synod is supposed to have finally Bettled('). 

The usual way in which these conflicting difScultics arc attempted to be reconciled is, bj 
supposing that the Council did not itself put forth any explicit rule for the computation of Easter, 
but only commissioned (') the Church of Alexandria, as moat eminent in astronomical science, to 
make the calculations and frame a rulo hosed on the Cycle of nineteen years ; bo that the Council 
might be soid to have, by anticipation, sanctioned the Paschal Rule subsequently drawn up by 
that Church. At all erenta, the Paschal controversy was not settled by the Council of Nicaa. 
A few years after, the Council of Antioch (a.d. 341) found it necessary to take up the matter, 
and excommunicated the adlierents of the Jewish usage. Again, the Council of Laodictea (j. d. 
364), and the second General Council (Constantinople, a.d. 381) condemned the Quartodcciman 
heresy, which did not finally die out until the sixth century. But oven the Latin and Alexan- 
drian Churches still occoaionolly differed. The very year after the Council of Nieaiai and also in 
330, 333, 340, 341, 343, the Latins celebrated Easter on a different day from the Alexandrians (=). 
la the year 387, the former kept Easter on the 2 1st of March, while the latter kept it on the 25th 



TBntiiD per novemdecoDi annoruDi redennti'ni semper in 
n oirculum lUliiles iiniiiota«que flierunt . . . deinceps 
vonenbiliB Tbeophilua, et Cyrellua, ah hac Sfaodi 
veneranila constitutione minime dticivoninl ; itno potiua 
euDdem decemnoreTiiuilem ciroulum eolicite retjoen- 
Mi." Dionysius, rooreovor, apponU to the source from 
■which he derivad his knowledge of (hcse tacl* ; namelj, 
the " SeveDlh bookor£ccl«aiaiUculUiB(orj,"B work not 
now liDOTn to ciist, butirhich seems to hare conUinud 
some account of the Fiucbsl Cjcle of tbe Council. Vid. 
Orenetll, Diuert. iv., pp. 698-707 ; and Bvuhiriiu, de 
Doctr. Tempor. 

CI In aniw«r M the littur difficulty, OresvoU ta,jt 
(i*., 897); "When we consider the confusion preTslent 
in tbe Church at the time of tbe Council office, md 
from theocefurward to the accession ofTbeodosioi, a.b. 
373, when tranquillity was Brat restored ; when we take 
into ucount the opposition thnt was made to its decrees 
on other, end much more important, poinls, it will not 
be surprisiiig Ihnl a Paachal Cycle, though published with 
the SBuction of the Council, ahauld not have obtainEd an 
universal or unifotm reception all over the Church." 

Gratwell argUfS (vol. iv., pp. Mi. i^.) at ^reat Itn^h, 



and with some force, tbat the Kicene CouncC did u- 
tually draw up Ibe rulea respecting the observance of 
Easier. 

(^} llie earliest mention of the toak being deputed to 
tbe Church of Alexandria to cslcniato Eaitet for the 
observance of the rest of Christendom acema to be in 
the Prologue of Cyril of Alexandria to his Psschal Cfde 
ofninety-SveyooreCA. D. 437). The next distinct allu- 
sion to it is the Epialle of Pope Leo the Great to the 
Emperor Marcian (a. d. 153). Neither Cpil nor Leo 
mentions by name tbe General Council which deputed 
thia authority. Greawell (iv., 390) tlunlia it may 
have been, not the Council of Nice, but the Second 
General Council, that of Constantinople (a. n. 381). 

(') Vid, EcfeU. Conciliengesob., i. 316; Wrfw, ii. 
253. The cause of this appears to have been the fact, 
established by Cardinal Norii and Murattiri, that while 
the Alexandrians employed the nincleen-yeor Cycle, the 
Romans adhered to the Cycle of eighty-four years, with 
the EaaterlimiUaf the 19th of March and !lst of April. 
The consequence of this different mode of compntation 
was, that during the course of a single Cycle [2e8'3Hn 
the I.NlinF diiferrd from the Alexandtiant no Irst than 
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century, when what has been termed the '' Achilles heel " of the Old Church Calendar (*) was 
first exposed by an unknown writer in the year 1223 (*). Thus revived, the subject continued 
to be from time to time discussed, until it was again, and finally, set at rest by the Gregorian 
reformation of the Calendar, in the year 1582. 



(^) Tho Tulneniblo point in the Choroh Calendar, as 
arranged by DionysiuB, was the two false assumptiona 
on which it was constructed ; namely, that the Julian 
year is eiactly equal to the mean Tropical year, and 



that the Lunar Cycle of 335 Lunations in nineteen 
Julian years is also perfectly exaot. 

(') The author was generally supposed to be Yincen- 
tius, of BeauTsis, in France. 



THE END. 



